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FIGURE 3

12001 agasacggag gooccadggad agctggaggos ctoggaagag

12061 cctoagegay gaagaataco gggoetotgoet ggadgagett

12121 gggtcgggtg gttcgoggea gggoecglgge cfﬂtwﬁttﬁg C

12181 acggagggge gtgtotccocge cocgoeecct ccacogggoet _ TG e Fale
12241 ctitcoctaggic taggeocggt gagagactod aclaccgaegyga gaactgcﬁat totttectgg

12301 goatccoggg gatoccagay coggoeecagyg taccltgogea cgogoggglit T
ctagoct gtgggageag coogggeaga goltotoolge cielccacea goeceacoeey

12361 cgec

2423 cogcctgacce goccocootcor Cacooocafiac SOCCCaccos cggaasacgo gtogroooct
12481 gggoctgggty gagaccooceg Lococgogaas caﬂaqgvﬂcc cgegeagegt ccgggectyga
124 ctocgnteog goeggotogon tectgligtge cccegogeca cogltogooeg Cocgoocgygy
12601 ceoeoctgeaygr ctoccagoelg ceagodgegygsa Bctcctggbg ghtcaadageca rtaccicigtc
12661 tgtotttgeo cygcticotgg clrtagacetge gogoagbgoy cacocogyget gacguygeaay
12721 ggageteget ggoototetg tgeecttghlt ctteogtgaa attotggeoty astgrtotece

12781 ccocacotbtoe gacgetgtet aggeaaacet ggattagagt tacaitctoet ggatgattag
1 ttecagagata tattaazaty coccctaccet gtggatoccocita tagaagattt geatctttiyg
1 2 |

12201 tgtgeatgagt gcecagagatat gtcascaatat cccecctgltaga azas ga aattggttta
12861 catascttceg gtgatcagtg cagatgtgtbt tecagaactoco atagtagact gaacctadgay
1504 aatggttﬂaa toac ttaggt gatcagtgta gagatatgtt asaatictcg LgTagacaga

(SEQ D NO: 1)
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FIGURE 4

CCACCCCCCCCCCCCACCACCACCACCACCACCACCCCGUOGGCCGGCCCCAG
GCCTCGACGCCCTGGGTCCCTTCCOGGGTGGGOCGGGUTGTCCCAGGGGGGCT
CACCGCCATTCATGAAGGGGTGGAGCCTGCCTGCCTGTGGGUCTTITACAAGGG
COGOCTGGCTGGUTGGUTGGCTGTCCGGGCAGGCCTCCTGGUTGCACCTGCCGC
AGTGCACAGTCCGGCTCAGGTGCACGGGAGCCCGCCGGCUTCTCTCTGCLCGE
GTCCGTCCOTGAAATTCCGGCOGGGGCTCACCGCGATGGCCCTCCCGACACOC
TCGGACAGCACCCTCCCCGOGGAAGCCCGGGGACGAGGACGGUGACGGAGAL
TCOTTTGGACCCCGAGCCAAAGCGAGGCCUTGCGAGUCTGUTTTGAGCGGAAC
COGTACCCGGGCATCGCCACCAGAGAACGGCTGGCCCAGGCCATCGGCATTCC
GGAGCCCAGGGTCCAGATTTCGTTTCAGAATGAGAGGTCACGCCAGCTGAGGC
AGCACCGGCGGGAATCTCGGCCCTRGCCCGGGAGACGOGGOUCGCCAGAAGG
COGGCGAAAGCGGACCGCCGTCACCGGATCCCAGACCGCCCTGOTCCTCCGAG
COTTTGAGAAGGATCGCTTTCCAGGCATCGCCGCCCOGGAGGAGC TGGCCAGA
GAGACGGGCCTCCCGGAGTUCAGGATTCAGATCTGGTTTCAGAATCGAAGGGE
CAGGCACCCGGGACAGGGTGGCAGGGUGUCCGLGCAGGCAGGCGGCCTGTE
AGCGCGGCCCCCGGUGGGGGTCACCCTGCTCCCTOGTGGGTCGCCTTCGCCCA
CACCGGCGUGTGGGGAACGGGGUTTCCCGCACCCCACGTGCCOTGOGCGOCTG
GGGCTCTCCCACAGGGGGUTTTCGTGAGCCAGGCAGCOAGGGCCGCCCCCGRG
CTGCAGCCCAGCCAGGCCGCGCCGGCAGAGGGGGTCTCCCAACCTGLCCCGGC
GCGCGGGGATTICGCCTACGCCGCCCCGGCTCCTCCGGACGGGGCGCTCTCOC
ACCCTCAGGCTCCTCOGTGGLOTCCGCACCOGGGCAAAAGCCGGGAGGACCGG
GACCCGCAGCGCGACGGCCTGCCGGGCCCCTGCGCGGTGGCACAGCCTGOGCC
COOTCAAGCGGGGCCGCAGGGCCAAGOGGTGUTTGCGCCACCCACGTCCCAGG
GGAGTCCGTGGTGGGGCTGGGGCCGGGGTCCCCAGGTCGCCGGGGUGGLGTE
GGAACCCCAAGCCGGGGCAGCTCCACCTCCCCAGCCOGUGCCCCCGGACGOCT
CCGCOTCCGCGUGGCAGGGGCAGATGC AAGGCATCCCGGCGCCCTCCCAGGCG
CTCCAGGAGCCGGUGCCOTGGTCTGCACTCCCCTGCGGUCTGU TG TGGATGA
GCTCCTGGCGAGCCCGGAGTTICTGCAGCAGGCGCAACCTCTCCTAGAAALGG
AGGCCCCGGGGGAGCTGGAGGCCTCGGAAGAGGUCGCCTCGUTGGAAGCALC

TTGGGACGGGGTCGGGTGGTICGGGGCAGGGCCHTGGCCTCTCTTTCGUGGGGAA
CACCTGGOTGGCTACGGAGGGGCGTGTCTCCGLCCCGCCCCCTCCACCGGGCTUA
CCGGCCTGGGATTCCTGCCTTCTAGGTCTAGGUCCCGGTGAGAGACTCCACACC
GCGGAGAACTGCCATTCTTTCCTGGGCATCCCGGOGCATCCCAGAGCCGGC
CCAGALCCTICCOCOLAGTOCLLACCCLOGOLTOALGTOLAAGLUGAGLTLLGL TGN

e - T L T T T T T o il e e R e e

TCCOACGUTGTCTAGGCAAACCTOUATTAGAGTTACATCTCCTGGATGATTAGT

P I PP L S, S g P L R M L B B R M L M R ML ML R R R R R M R R R R R R R L R M R R b e rk rl e e, T e o o b, R ST g A - —

TCAGAGATATATTAAAATOGULCCUICUCTUTG

e ———————— ik e bl B ok bl L B B . B B B BN N B L B . B BN B ML B BN L BN B BN BN BN BN BN BN B B B BN BN L B BN B BN . B B B B B T e omn e e S e TR m e i TR e o e i e P O h
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FIGURE &
CCACCCCCCCCCCCCACCACCACCACCACCACCACCCOCGCCGLUCGLUCCCAG

GCCTCGACGUCCTGGGTCCCTTCCRGGOTGGOGCGGGCTGTCCCAGGGGGGCT
CACCGCCATTUATGIAAGGGGTGGAGCCTGCCTGCOTGTGOGCCTTTACAAGGG
COGCTGGUTGGOTGGOTGGUTGTCCOGGCAGGCCTCCTGGCTGCACCTGCUGC
AGTGCACAGTCCGGUTGAGGTGCACGGGAGCCCGCCOOQLCTCTCTCTGLCCGC
GTCCGTCOGTCGAAATTCCGOUCGGGGCTCACCGUGATGGCCCTCCCGACACCC
TOGGACAGCACCCTCCCCGLGOAAGCCCGGGGACGAGGALGGCGACGGAGAL
TCOGTTTGGACCCOCGAGCCAAAGCGAGGCCCTGCGAGCCTGCTTTGAGCGGAAL
COGTACCCGGOGCATCGCCACCAGAGAACGGCTGGCCCAGGCCATCGGCATICC
GOAGCCCAGOGTCCAGATTIGOTTTICAGAATGAGAGGTCACGCCAGCTGAGGC
AGCACCGGUGGGAATOTOGGCCCTOGOCCCGGOGAGACGCGGLCCGLCAGAAGE
CCGGCGAAAGCGCGACCGUCGTCACCGGATCCCAGACCGCCCTGCTCCTCCGAG
COTTTGAGAAGGATCGCTTITCCAGGCATCGCCGUCCGGGAGGAGCTGGUCAGA
GAGACGGOOOTCCOCGGAGTCCAGGATTCAGATCTGGETTICAGAATCGAAGGGC
CAGGCACCCOGOACAGGGTGGCAGGGLGCCCOCGCAGGCAGGCGGCCTETG
AGCGOGGOCUCOGOOGGGGGTCACCCTGCTCCOTCGTGGGTCGOCTTCGOCCA
CACCGGCGUOTOGGGAACGGGGCTTICCOGCACCCCACGTRLCCTGUGCGLCTG
GOGUTCTOCCACAGGOGGOTTTCGTGAGCCAGGC AGCGAGOGUUGCCCCCGCG
CTGOAGCCCAGOCAGGULGCGCCGGCAGAGGGGGTUTCOCAACTTGLCCLCGRL
GOGOGGGGATTTCGOCTACGCCGCCCCGGCTCCTCCGGACGGGGOGOTCTCCT
ACCCTOAGGOTCOTCGOTGGCOTCOCOUACCCGGGC AAAAGCLCGGGAGGACCGEG
ACCCGCAGUGCGACOGOGOCTGCL GGG COTGUGCGOTGGCACAGCLCTGGGCC
CGOTCAAGCGGOGCCGCAGGGCCAAGGGGTOCTTGUGCCACCCACGTCCCAGS
GGAGTCCGTGGTGGGGCTGOGOCCGGGGTCCCCAGHTCOLCGGGGLGGLGTG
GGAACCCCAAGCCGGGGCAGCTCCACCTCCCCAGCCCOCRLCCLCGGACOLOT
COGOUTCOGUGOGOUAGGGGCAGATGCAAGGCATCCCGGOGCCCTCCCAGGLG
CTOCAGGAGCUGGOGOCCTGOTOTGCACTCCCCTGOGGCUTGCTGUTGGATGA
GOTCCTOOUCGAGCCOCGCACTITOTGCAGCAGGUGUAACCTCTCCTAGAAACGG
AGGCCCCGGGGGAGCTGGAGGCCTCGGAAGAGGCCGLCTCGCTGGAAGCACC
COTCAGCGAGGAAGAATACCGGGCTCTGCTGGAGGAGCTTITAGGACGUGGGG
TCTAGGOCCGOTGAGAGACTCCACACCGUGGAGAACTGCCATICTYIYCCY

[ TR Iy T T T T NT N NN N TINTRTATTE W NN TR N NTA NN NN

B e L e R e o R

e At NP e, e o e e o o o o o o o o e ke L L WL WL N WL ML W L M R R R R S e, v e =L - - — st R AR SRR TR REEEEEEESs .

iy o P e e e L. . S R R S S R P TH E K] L

TCCCTIGTG

(SEQ 1D NGO 43)
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FIGURE ¢
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ggegggaatcoctoggecctggeccgyggagacgeggoecagocagaaggocgdgcgaaageggac
cgecgtoaccggateoccagacegco cetgoeteoteogagectttgagaaggategetittaca
ggceatcgoecgeoogggaggagoerggecaga agagacgggectecoocggagrnecaggaticaga
totggttteagaatcgaagggocaggeacoogggacaggygtggeagggegeccgegeagyc
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FIGURE 8

ATGTCTTATCGTCACTTCCGTCTCATCCTATCCCTGACCTCCCCACAGCUCACA
GCTCTTGTCATAGGCCAGOGGGACCTCGCACTCCGGGAAAACGTGGGGTGUCC
GOTGCAGGCCGACAGCTCGGUCCACAGCCGCGTCTGCTTGCGGGGUGLCCACT
AGCTCACCAGCCCTCCGGATCGOCGGCCCGOGGGACCTGTTGCTCGCGTGTCT
CCCGCCCCCGAAAGCGCOACCACGTTGGCTGTTTCCCGAGCTCTGCGGGGACA
C AGAAACCTCCAGC GAAGCGTGGAAAAGCAGCATCGTGACTTCGCTCTCCTTT
CCGGTTTOCAGACCGGCCACAGTGGAGACTCCCCTTGTTGCAGGAAACAGGAA
TCCGTGOTCAGGCCAATTACTGGAGAACCTCAGAGAGCCAGCCCCGGAAGCCC
CTCTTTCCCCTCCAATCCGGCCCTGCACCCACCCACCCCACAAGGOCCTGGTCC
CTGTGGTTTTCOGOTTCGGAGGGCOGGCTACCCCGGGACCTTGOGCCCCGAGE
TCATGCATGTTCATAACGCGGTGGAGGTGGTAGGTICTTTCTAAGGGCCTCCTGE
CTGCACCTGOCGCAGTGCACAGGCCGGCTGAGGTGCACGGGAGCCCGCCGGC
COTCCCGACACCCTCGGACAGCACCCTCOCCGCGGAAGCCCGGGGACGAGGAL
GGUGACGGAGACTCOTTTGGACCCCGAGCCAAAGUGAGGUCCTGCGAGCCTGE
TTTGAGCGOAACCCGTACCCGGGCATCGCCACCAGAGAACGGCTGGCCCAGGL
CATCGGCATTCCGGAGCCCAGGGTCCAGATTTGGITTCAGAATGAGAGGTCAC
GCCAGCTGAGGCAGCACCGOCOGGAATCTCGGCCCTGGCCCGOGAGACGCGG
CCCGCCAGAAGGCCGGOGAAAGCGGACCGCUGTCACCGGATCCCAGACCGCL
CTGOTCOTCCGAGCCTTIGAGAAGGATCGCTTTCCAGGCATCGCCGCCCGGGA
GGAGCTCGCCAGAGAGACGGGCCTCCCGGAGTCCAGGATTCAGATCTGGTTTC
AGAATCGAAGGGCCAGGCACCCGGCACAGGGTGGCAGGGLGCCCGCGCAGG
AGGCGGCOTGTCCAGCGCGGCCCCTGOCOGGGGTCACCCTGUTCCCTCGTGGE
TCGOCTTCGOCCACATCGGCGCGTGGGGAACGGGGCTTCCCGCACCCCACGTG
CCCTGOGOGCCTGOGGCTCTCOCACAGGGGGCTITCGTGAGCCAGGCAGCGAG
GOCCGCCCCCGCGOTGCAGCCCAGCCAGGCCGCGCCGGCAGAGGGGGTCTCCC
AACCTGCCCCGGUGCGCGGGRATTTCGCCTACGCCGUCCCOGCTCCTCCGGAL
GOGGCGOTOTCOCACCCTCAGGCTCCTCGGTGGCCTCCGCACCCGGGCAAAAG
COGGGAGGATCGGG AL GCGCAGCGCGACGGCCTGCCGGGCCCCTGCGCGGTG
GOACAGCCTGGOCCCGCTCAAGCGGGGCCGCAGGGUCAAGGGUTGCTTGCGC
CACCCACGTCCCAGGGGAGTCCGTGGTGGGGCTGGGGCCGGOGTCCCCAGGTC
GCCGGGGOGGCGTGGGAACCCCAAGCCGGGGCAGCTCCACCTCCCCAGCCUGE
GCCCCCGGACGUCTCOGOGGCAAGCACAGATGCCAGCCATCCAGGCGCCTCCC
AACCGOTCCAGGAGCCGOGOGCGCTCGTCTACAGTCACCTCCAGOCTGTTATAT
GAGUTCCTGTAGACACCAGAGTTTCAGCAAAAGGCACGACCTTTCCTAGATCC
GGCGCCACTGGGGOAGCTGAAGGACGTGGAAGAGCCCGCTCTGCTGGAACCA
CTCCTCAGCCAGGAAGAACACCGGGCTCTGCTGGAGGAGCAGAGGTGCCTGTT
GOTCAAGICTCTGOCCCOGCCCCCCGAAAGTGTGACCATGTTGACTGTTTGTTT
COCGAGCTCTGTGOGGACCCAGAAACTTCCAGGAATGCGTGGAACACCAGCAT
COTTTGTCGAGTGCGCCCGTCOCTGTGGTGGGAGCAGT GGLCCCGAGUHTGCC
CACGGGCCCCGGCTTGGGTTICTCTCGTGTTTAGAATGGTATGGCCGTAGACAA
TGGUGGTOOCGCCTGGOTGGTOCAAGAGCCCGGTCCAGCTACGCGCGTCTGAT
TCCAGGOGTCACCACCAACCCGGGGCCGCGAGGCTGGGATCAGGCACCCCCGG
AGCCGCTCGUCCOOGGUCGEECTGCTCTCCCCCTCTATACGCCCAAGCACCAG
TOGCCGCGOTGCGTTTTCCGCCGGCCTCGCAGAGCGTCCCGOTATCGCCGGCGE
COCAGACCACGCGCAGGACCGCTGA (SEQ 1D NO: 52)
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FIGURE 13 (A)
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FIGURE U

MKSWSLPACGPLQGRLAGWLAVRAGLLAAPAAVHSPARVHGSPRASLOPRPSVKERPG
L TAMALPTPSDSTLPARARGRGRRRRIVIWTRSQSEALRACFERNPYPGIATRERLAGAL
GIPEPRVGIWFONERSROLROHRRESRPWPGRRGPPEGRREKRTAVTGQTALLIRAFE
KDRFFGIAAREELARETGLPESRIGIWFONRRARHPGOQGGRAPAQAGGLUSAAPGHLGH
PAFSWVAFAHTGAWGTGELPAPHVPCAPGALPQGAFVEQAARAAPALGIFPSUAAP ARGV
SQPAPARGDFAYAAPAPPDGALSHPQAPRWPPHPGOKSHREDRDPOQRDGLFPGPCAVALE
GRAGAGPOGQGVLAPPTSQGSPWWGEWGRGPOQVAGAAWERPQAGAAPPRPQPAPFDAL
ASARQGOMQGIPARPSQALQEPAPWSALPCOLLLDELLASPEFLOQQAGRLLETEAPGELE

ASEEAASLEAPLSEEEYRALLEEL (SEQ 1D NO: 59)

FIGURE 21

MALPTPSDSTLPAEARGRGRRRRLIVWTRPSQSEALRACFERNPYPGIATRERLAQAIGHFE
PRVOMFONERSRQLROHRRESRPWPGRRGPPEGREKRTAVTGSQTALLLRAFEKDR
CRGIAAREELARETGLPESRIGIWFQNRRARHPGQGGRAPAQAGGLESAAPGGGHPAR
SWVAF AHTGAWGTGLPAPHVPCAPGCALPQGAFVSQAARAAFPALOPSQAAFAEGIGRPA
PARGDFAY AAPARPPDGALSHPQAPRWPPHPGKSREDRDFPQRDGLPGHFCAVAQPGFALL
AGPQGQGVLAPPTSQGSPWWEWGRGPOQVAGAAWERFQAGAAPPPOUPAPPLUASAAST
DASHPGASQRLOQEPGRSSTVTSSLLYELL (SEQ 1D NO: 60)
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FIGURE 22
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FIGURE 25
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FIGURE 27
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GabridlsplAM (SEQ ID NO: 62) corresponds to the DUXS mBRNA Dixit et al
TapscottplAM (SEQ ID NQO: 63) corrvesponds to the DUXS mRNA Stulder et al
DAZ4 Junction (SEQ ID NMO: 61) corxresgsponds o the U4 kWA CToppds et al
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agazacggayg gooclgygdyy agetygagae ctoggaadgag goodgooiogl Lggalageaco
cmtc4gﬂgag gaagaaltacc gﬁmutrfg#w ggaggagett Egﬁgaﬂgtgg GGLLgogacy
gogtegogty gtitcgggaca guocogtgge ctoteltiteg cggggaacac ciggelggot
E&E{EE@@ﬁﬁ gtgtetcoge ceoogeoococt cecaceggget gaccggoorg ggattootyge
cttctaggto taggecogat gagagactor acacegoggs gaeactgoeat totittootgg
goatocogyg gabtoccagay eoggeccaygyd tacetgoygeas cgogoggyatt Tgagggcoadge
cgeotggget gtgoggageag cocgggeaga gotctoctge cteotoccacca goeocacoccy
cogootgace gococchcos aacooooal coocacoce cggaalacge gtegtoaast
qq ctggatg gagaccoloyg Toccgogaaa Caccgggooe cgogeagoegt cogggeotga
ctoogeteoyg gegoeltoger tooctgtghge coecgegoea cogtageasg coogecaegyy
cocotgeage ctogdagety ccagogoygaa goteoctggod glcaaaagea TacChotgrc
tgtotitgoe cgcecttcotgy clagacatge g¢Qﬁaqtgwg'aaccccggwt gaagtgaaag
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TgT Q&tﬁaqt goagagatatl gtoacratat cooctgltaga aaaagectga aantggrtita
cataactie qfqgtc gt cagatgtgtit tcagaactoc atagtagact gaaccragayg
aabtygyt L”“ﬁ toa 1;fygt gatc aqtgbd gagatatagtt asaattctcg tgtagacaga

(SEQ ID NO: 1)
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AGENTS USEFUL IN TREATING
FACIOSCAPULOHUMERAL MUSCULAR
DYSTROPHY

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of U.S. patent applica-
tion Ser. No. 16/562,030, filed Sep. 5, 2019, which 1s a
continuation of U.S. patent application Ser. No. 15/873,751,
filed Jan. 17, 2018, which 1s a continuation of U.S. patent
application Ser. No. 15/047,258 (now U.S. Pat. No. 9,988,
628), filed Feb. 18, 2016, which 1s a continuation of U.S.
patent application Ser. No. 14/078,133 (abandoned), filed
Nov. 12, 2013, which 1s a divisional of U.S. application Ser.
No. 13/225,384 (abandoned) filed Sep. 2, 2011, which
claims priority to FEuropean Patent Application No.
10175123.3, entitled “Agents useful 1n treating facioscapu-
lohumeral muscular dystrophy,” filed on Sep. 2, 2010; which
applications are each incorporated herein by reference 1n
their entireties.

REFERENCE TO SEQUENCE LISTING

The material 1n the ASCII text filed submitted herewith,
1s incorporated herein by reference. The ACSII text file 1s
named “SequencelListing.txt”, created Sep. 5, 2019 and 15 37
KB 1n size.

FIELD OF THE INVENTION

The mvention generally relates to diseases and conditions
the treatment of which can benefit from reducing the expres-
sion of double homeobox 4 and/or double homeobox 4c.
Such diseases and conditions include inter alia those com-
prising increased levels and/or increased activity of double
homeobox 4 and/or double homeobox 4c¢, and more particu-
larly include facioscapulohumeral muscular dystrophy. Such
diseases and conditions also include those comprising
expression ol a fusion protein between DUX4 or DUX4c
and another, unrelated protein, more particularly wherein the
disease or condition 1s a tumour, even more particularly a
sarcoma such as Ewing’s family tumours, paediatric undii-
ferentiated soft tissue sarcomas and rhabdomyosarcomas.
The invention concerns agents, more specifically antisense
agents and RNA interference agents, capable of reducing or
abolishing the expression of double homeobox 4 and/or
double homeobox 4c, and elaborates methods, uses and
turther aspects employing such agents.

BACKGROUND OF THE INVENTION

Facioscapulohumeral muscular dystrophy (FSHD,
FSHMD or FSH) also known as Landouzy-Dejerine mus-
cular dystrophy 1s an autosomal dominant muscle disorder
aflecting about 1/20,000 births. It 1s characterised by pro-
gressive weakness and atrophy of the muscles from the face,
the upper-arms and shoulder girdle to the lower limbs.

FSHD 1s genetically linked to contractions of the D474
repeat array on the 4g35 subtelomeric region. Non-aflected
individuals typically have between 11-100 copies of the
3.3-kb D474 element, while FSHD patients only have 1-10
copies. A typical feature associated with the genetic defect
1s a decrease in DNA methylation of the contracted D474
array as compared to non-affected individuals (van Overveld
et al. 2005 (Ann Neurol. 58: 569-76.)). Whereas a small
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present more than 10 copies of the D474 clement, their
DNA methylation level 1s low, similarly to that found 1n
contracted D474 arrays. DNA hypomethylation 1s typically

associated with an open chromatin structure suitable for
transcription (de Greef et al. 2009 (Hum Mutat. 30: 1449-

S39)).

Gabriéls et al. 1999 (Gene 236(1): 25-32) 1dentified the
double homeobox 4 (DUX4) gene within each D474 e¢le-
ment repeated 1n the array. The DUX4 sequence was later
corrected as published by Kowaljow et al. 2007 (Neuromus-
cul Disord 17: 611-23) and i1s available under the NCBI
Genbank accession number: AF1176353.2. Subsequent stud-
1ies showed that the encoded DUX4 protein was expressed 1n
primary myoblasts and biopsies of patients with FSHD but
not 1n non-affected individuals, and that the DUX4 protein
1s a ftranscription factor targeting a large set of genes
including inter alia genes encoding further transcription
factors, and that DUX4 gene activation at the FSHD locus
initiates a transcription cascade leading to muscle atrophy,
inflammation, decreased differentiation potential and oxida-
tive stress, recapitulating the key features of FSHD (Bosna-
kowski et al. 2008 (EMBO J 27(20): 2766-79); Kowaljow et
al. 2007 (Neuromuscul Disord 17: 611-23); Dixat et al. 2007
(Proc Natl Acad Sci USA 104: 18157-18162)). Double
homeobox 4 1s thus considered a major contributor to the
pathology of FSHD muscles.

Dixit et al. 2007 (supra) also demonstrated 1n myoblast
cultures that whereas transcription can initiate at any D474
clement within the repeat array, a prevalent stable DUX4
mRNA originates from the most distal D474 unit and
extends into the pLAM region which flanks the telomeric
side of the D474 array, whereby the pLAM region provides
the DUX4 transcript with an intron and a polyadenylation
signal (FIGS. 1 and 2). However, also additional transcripts
were 1dentified that span several D474 units, may have
various parts spliced out, and may also comprise the pLAM
region (Snider et al. 2009. Hum Mol Genet 18: 2414-30;
Coppee et al., unpublished, see FIGS. 26-28). Moreover,
polymorphisms have been found in the pLAM region such
as the presence or absence of a 1.6 kb sequence within 1ts
intron (Gabni€ls et al. 1999, supra; van Deutekom et al.
2009. Hum Mutat 30: 1449-59).

Lemmers et al. 2010 (Science, August 19) propose a
unifying genetic model for FSHD.

Furthermore, the homologous DUX4c gene was 1dentified
42 kb centromeric of the D474 array, within a truncated and
inverted solitary D474 unit. The DUX4c¢ gene encodes a
4’7-kDa protein with a double homeodomain identical to
DUX4 but divergent in the carboxyl-terminal region. The
DUX4c protein 1s expressed at low levels in control muscles,
it 1s induced 1n muscles of patients aflected with Duchenne
muscular dystrophy and 1s present at similar or yet higher
levels in FSHD muscles. Additional experiments suggested
that DUX4c could be involved in myoblast proliferation
during muscle regeneration and that changes 1n 1ts expres-
s1ion could contribute to the FSHD pathology (Ansseau et al.
2009 (PLoS One 4(10): €7482).

In certain tumour types a fusion gene 1s seen that includes
the 3' region of the DUX4 gene as a result of chromosome
rearrangements. Fusion between CIC, a human homolog of
Drosophila capicua, and DUX4 was seen 1n Ewing’s family
tumours (EFTs) (Kawamura-Saito et al. 2006. Hum Mol
Genet 15: 2125-2137) and paediatric undifferentiated soft
tissue sarcomas (USTS) (Yoshimoto et al. 2009. Cancer
Genet Cytogenet 195: 1-11), and rhabdomyosarcomas
(RMS) showed fusion between the EWSRI1 gene and
DUX4. (Sirvent et al. 2009. Caner Genet Cytogenet 193:




US 11,898,143 B2

3

12-08). As a consequence of fusion with the C-terminal
fragment of DUX4 the resulting fusion proteins acquire an
enhanced transcriptional activity, which leads to tumour
formation.

SUMMARY OF THE INVENTION

The inventors postulate that down-regulating the expres-
s1ion of double homeobox 4 and/or double homeobox 4c¢ can
counteract the pathological eflects thereof and allows
muscle regeneration to occur in FSHD patients. The inven-
tors further postulate that down-regulating the expression of
double homeobox 4 and/or double homeobox 4c¢ can coun-
teract the enhanced transcriptional activity of DUX4-con-
taining fusion proteins that 1s seen in certain tumours,
particularly 1n certain types of sarcomas, and thereby have
a therapeutic benefit, e.g., slow down formation and/or
progression, of such tumours.

Having conducted extensive tests the mventors realised
that antisense agents targeting sequence elements mvolved
in splicing of DUX4 or DUX4c transcripts can reduce or
abolish the production of the respective proteins. This find-
ing 1s unexpected, since antisense agents targeting sequence
clements required for splicing were previously contemplated
for therapeutic exon skipping to at least partly restore the
functionality of defective proteins, such as for example to
remove nonsense mutations or restore the reading frame
disrupted by genomic deletions or duplications in the dys-

trophin gene 1n Duchenne muscular dystrophy (DMD) (Wil-
ton et al. 2007 (Mol Ther 13(7): 1288-96); Adams et al. 2007
(BMC Mol Biol 8: 57)). Moreover, the itrons of the DUX4
transcript are located 1n 1ts 3' untranslated region (3' UTR),
which 1s unusual, and interference with splicing would
therefore not be expected to alter the DUX4 coding
sequence or the production of the DUX4 protein.

The mventors also realised that antisense agents targeting,
sequence elements involved 1n polyadenylation of DUX4 or
DUX4c transcripts can reduce or abolish the production of
the respective proteins.

In an aspect the invention thus generally provides an
antisense agent capable of reducing or abolishing the pro-
duction of DUX4 or DUX4c proteins. An antisense agent as
intended herein may be capable of binding to (annealing
with) DUX4 or DUX4c genes. In particular, such antisense
agent may be capable of binding to (annealing with) a
sequence region 1n DUX4 or DUX4c (pre-mRNA)
sequence.

Double homeobox 4 emerges as particularly implicated in
the aetiology of facioscapulohumeral muscular dystrophy
(FSHD). Hence, preferably disclosed herein are: an anti-
sense agent capable of reducing or abolishing the production
of DUX4 protein; an antisense agent capable of binding to
DUX4 gene; an antisense agent capable of binding to a
sequence region in DUX4 (pre-mRNA) sequence.

Also preferably disclosed herein are: an antisense agent
capable of reducing or abolishing the production of DUX4
protein but not of DUX4c protein; an anftisense agent
capable of binding to DUX4 gene but not to DUX4c¢ gene;
an antisense agent capable of binding to a sequence region
in DUX4 (pre-mRNA) sequence but not to a sequence
region 1n DUX4c (pre-mRINA) sequence.

In an alternative, disclosed herein are: an antisense agent
capable of reducing or abolishing the production of DUX4c
protein but not of DUX4 protein; an antisense agent capable
of binding to DUX4c¢ gene but not to DUX4 gene; an
antisense agent capable of binding to a sequence region 1n
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DUX4c (pre-mRNA) sequence but not to a sequence region
in DUX4 (pre-mRINA) sequence.

In a preferred aspect the invention provides an antisense

agent capable of binding to a sequence element required for
splicing of the double homeobox 4 (DUX4) or double

homeobox 4c (DUX4c) genes (as explained elsewhere in
this specification, a mention of splicing or splicing of a gene
generally refers to splicing of a gene’s pre-mRINA to remove
intervening sequence(s)). The antisense agent can reduce or
abolish the production of the respective DUX4 or DUX4c¢
proteins. For example and without being bound by any
theory, such antisense agents might interfere with splicing of
the DUX4 or DUX4c genes (pre-mRNA) or might act
through another mechanism.

Double homeobox 4 emerges as particularly implicated in
the aetiology of facioscapulohumeral muscular dystrophy
(FSHD). Hence, preferably disclosed herein 1s an antisense

agent capable of binding to a sequence element required for
splicing of the double homeobox 4 (DUX4) gene. The
antisense agent can reduce or abolish the production of
DUX4 protein.

Also preferably disclosed herein 1s an antisense agent
capable of binding to a sequence element required for
splicing of the DUX4 gene but not of the DUX4c gene. The
antisense agent can reduce or abolish the production of
DUX4 protein but does not reduce or abolish the production
of DUX4c¢ protein. In an alternative, disclosed 1s an anti-
sense agent capable of binding to a sequence element
required for splicing of the DUX4c¢ gene but not of the
DUX4 gene. The antisense agent can reduce or abolish the
production ol DUX4c¢ protein but does not reduce or abolish
the production of DUX4 protein.

Sequence elements required for splicing of the DUX4 or
DUX4c genes as intended herein particularly denote cis
sequence elements, 1.¢., those located within said DUX4 or
DUX4c genes, respectively.

Sequence elements to be targeted by (1.e., selected to be
bound by) antisense agents as disclosed herein may be
preferably chosen from the group comprising or consisting
of splice donor sites (1.e., 5' splice sites), splice acceptor sites
(1.e., 3' splice sites), pyrimidine-rich or polypyrimidine
tracts upstream of (1.e., 5' relative to) splice acceptor sites,
exon-intron boundaries, intron-exon boundaries, branch
sites and exonic splicing enhancer elements of the DUX4 or
DUX4c genes. Splice donor sites and splice acceptor sites,
exon-intron boundaries and intron-exon boundaries may be
readily accessible for targeting and may thus constitute
preferred sequence elements as intended herein. Further,
particularly eflective antisense agents as disclosed herein
include those capable of binding to splice acceptor sites or
intron-exon boundaries of the DUX4 or DUX4c genes.

Antisense agents as disclosed herein may preferably bind
to a whole sequence element required for splicing DUX4 or
DUX4c (1.e., may wholly overlap with or wholly anneal to
such sequence element). Alternatively, antisense agents as
disclosed herein may bind to one or more portions of a
sequence element required for splicing DUX4 or DUX4c
(e.g., may partly overlap with or partly anneal to such
sequence element).

Reference to “binding to a sequence element required for
splicing” also encompasses antisense agents that bind at a
position sufliciently close to said element. For example, the
antisense agents may bind at a position sufliciently close to
said element to disrupt the binding and function of splicing
machinery that would normally mediate a particular splicing,
reaction occurring at that element (e.g., such agents may
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bind to pre-mRNA at a position within about 3, about 6, or
about 9 bases of said element).

In another preferred aspect the invention provides an
antisense agent capable of binding to a sequence element
required for polyadenylation of DUX4 or DUX4c¢ genes (as
explained elsewhere 1n this specification, a mention of
polyadenylation or polyadenylation of a gene generally
refers to polyadenylation of a gene’s pre-mRNA). The
antisense agent can reduce or abolish the production of the
DUX4 or DUX4c proteins. For example and without being
bound by any theory, such antisense agents might interfere
with polyadenylation of the DUX4 or DUX4c genes (pre-

mRINA) or might act through another mechanism.

Double homeobox 4 emerges as particularly implicated in
the aetiology of FSHD. Preferably disclosed herein 1s thus
an antisense agent capable of binding to a sequence element
required for polyadenylation of the DUX4 gene. The anti-
sense agent can reduce or abolish the production of DUX4
protein.

Also preferably disclosed herein 1s an antisense agent
capable of binding to a sequence element required for
polyadenylation of the DUX4 gene but not of the DUX4c
gene. The antisense agent can reduce or abolish the produc-
tion of DUX4 protein but does not reduce or abolish the
production of DUXA4c¢ protein. In an alternative, disclosed 1s
an antisense agent capable of binding to a sequence element
required for polyadenylation of the DUX4c gene but not of
the DUX4 gene. The antisense agent can reduce or abolish
the production of DUX4c¢ protein but does not reduce or
abolish the production of DUX4 protein.

Also preferably disclosed herein 1s an antisense agent
capable of binding to a sequence element required for
polyadenylation of the DUX4 gene but not capable of
binding to the DUX4c¢ gene. The antisense agent can reduce
or abolish the production of DUX4 protemn but does not
reduce or abolish the production of DUX4c¢ protein. In an
alternative, disclosed 1s an antisense agent capable of bind-
ing to a sequence element required for polyadenylation of
the DUX4c gene but not capable of binding to the DUX4
gene. The antisense agent can reduce or abolish the produc-
tion of DUX4c protein but does not reduce or abolish the
production of DUX4 protein.

Sequence elements required for polyadenylation of the
DUX4 or DUX4c genes as intended herein particularly
denote cis sequence elements, 1.¢., those located within said
DUX4 or DUX4c genes, respectively.

Sequence elements to be targeted by (1.e., selected to be
bound by) antisense agents capable of binding to a sequence
clement required for polyadenylation of the DUX4 or
DUX4c genes may be preferably polyadenylation signals
(such as more preferably the polyadenylation signal
ATTAAA) of the DUX4 or DUX4c genes.

Antisense agents capable of binding to a sequence ele-
ment required for polyadenylation of the DUX4 or DUX4c
genes may preferably bind to a whole sequence element
required for polyadenylation of DUX4 or DUX4c (1.e., may
wholly overlap with or wholly anneal to such sequence
clement). Alternatively, antisense agents capable of binding
to a sequence element required for polyadenylation of the
DUX4 or DUX4c¢ genes may bind to one or more portions
of a sequence element required for polyadenylation of
DUX4 or DUX4c (e.g., may partly overlap with or partly
anneal to such sequence element).

Reference to “binding to a sequence element required for
polyadenylation” also encompasses antisense agents that
bind at a position sufliciently close to said element (e.g.,
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such agents may bind to pre-mRNA at a position within
about 3, about 6, or about 9 bases of said element).

Antisense agents as intended herein preferably comprise
or denote antisense molecules such as more preferably
antisense nucleic acid molecules or antisense nucleic acid
analogue molecules. Preferably, antisense agents may refer
to antisense oligonucleotides or antisense oligonucleotide
analogues. By means of an example and not limitation, such
antisense agents or molecules may be between about 10 and
about 100 nucleotides or nucleotide analogues 1n length,
preferably between about 12 and about 80 nucleotides or
nucleotide analogues 1n length, also preferably between
about 15 and about 350 nucleotides or nucleotide analogues
in length, more preferably between about 20 and about 40
(such as, e.g., between about 20 and about 30) nucleotides
or nucleotide analogues 1n length.

Preferably disclosed herein are antisense agents including
antisense nucleic acid analogue molecules, such as, e.g.,
antisense oligonucleotide analogues, more preferably anti-
sense oligonucleotide analogues comprising a 2'-O-methyl-
ated phosphorothioate backbone or more preferably anti-
sense¢  oligonucleotide  analogues  comprising a
phosphorodiamidate morpholino backbone as schematically
illustrated 1n FIGS. 24 and 25, respectively. Splice-switch-
ing phosphorodiamidate morpholino oligomers have been
successiully employed to restore dystrophin expression in
DMD, thereby wvalidating this oligonucleotide chemistry
(Kinal1 et al. 2009 (Lancet Neurol 8: 918-28)).

Advantageously, an antisense agent as disclosed herein
may be conjugated to a cell penetrating peptide (CPP) to
enhance the cellular uptake of said antisense agents.

Further by means of an example and not limitation, such
antisense agents or molecules may be configured to bind to
(anneal with) a sequence region, more particularly a region
in DUX4 or DUX4c¢ (pre-mRNA) sequence, wherein said
region 1s at least about 10 nucleotides 1n length, preferably
at least about 12 nucleotides 1n length, also preferably at
least about 15 nucleotides 1n length, more preferably at least
about 20 nucleotides 1n length, even more preferably at least
about 25 or at least about 30 nucleotides 1n length, such as
for example between about 10 and about 100 nucleotides 1n
length, preferably between about 12 and about 80 nucleo-
tides 1n length, also preferably between about 15 and about
50 nucleotides 1n length, and more preferably between about
20 and about 40 (such as, e.g., between about 20 and about
30) nucleotides 1n length, wherein the reference to nucleo-
tides may preferably denote consecutive nucleotides.

A DUX4 gene preferably intended for targeting by the
antisense agents as disclosed herein resides 1n the distal-
most D474 unit which extends into the pLAM region
flanking the telomeric side of the D474 array. Such DUX4
gene leads to production of comparably stable mRINA(s)
(Dixat et al. 2007, supra). As schematically illustrated 1n
FIG. 2 with reference to an exemplary but non-limiting
genomic sequence as shown i FIG. 3, such DUX4 gene
comprises two introns which are located in 1ts 3' UTR,
namely itron 1 (or itron A) within the D474 umt and
intron 2 (or intron B) provided by the pLAM region. Such
DUX4 gene further comprises a polyadenylation signal
ATTAAA located within the pLAM region.

A DUX4 gene as mtended herein may also denote a
DUX4 transcription umts that span several D474 units, may
display alternative splicing, and may comprise the pLAM
region, 1n particular as disclosed by Snider et al. 2009, supra.
As schematically illustrated in FIGS. 26 and 28, such DUX4
transcripts may comprise intron 1, intron ibis or intron 2a
within the D474 unit, intron 2 provided by the pLAM region
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or intron 2a bis provided by the D474 unit and the pLAM
region. Such DUX4 transcript further comprises a polyade-
nylation signal ATTAAA located within the pLAM region.

Hence, sequence elements to be targeted by anti-DUX4
antisense agents as disclosed herein, particularly sequence
clements required for splicing of the DUX4 gene to be
targeted by anti-DUX4 antisense agents capable of binding,
to such elements, preferably include those sequence ele-
ments (such as, e.g., splice donor sites, splice acceptor sites,
exon-infron boundaries, intron-exon boundaries, pyrimi-
dine-rich or polypyrimidine tracts, branch sites and/or
exonic splicing enhancer elements) required for removal of
said DUX4 intron 1, intron 1 bis, intron 2, intron 2a or intron
2a bis (preferably of intron 1 or 2) upon splicing of a DUX4
gene. Preferably, the targeted DUX4 sequence elements may
be chosen from the group comprising or consisting of splice
donor sites of said DUX4 intron 1, intron 1 bis, intron 2,
intron 2a or mtron 2a bis (preferably of mtron 1 or 2) and
splice acceptor sites of said DUX4 intron 1, mtron 1 bis,
intron 2, mtron 2a or itron 2a bis (preferably of intron 1 or
2); more preferably from the group comprising or consisting
of splice acceptor sites of said DUX4 intron 1, intron 1 bis,
intron 2, mtron 2a or itron 2a bis (preferably of intron 1 or
2); even more preferably may be the splice acceptor site of
said DUX4 intron 2.

Sequence elements to be targeted by anti-DUX4 antisense
agents as disclosed herein, particularly sequence elements
required for polyadenylation of the DUX4 gene and to be
targeted by anti-DUX4 antisense agents capable of binding
to such elements, preferably include the polyadenylation
signal ATTAAA.

As shown 1n an exemplary but non-limiting genomic
sequence of the DUX4c gene (Genbank accession no.
AY 500824, sequence version 1, 1.e., AY500824.1), the ORF
encoding the DUX4c protein 1s found at positions 918-2042
of AY500824.1 and 1s not disrupted by introns. However, a
larger exemplary but non-limiting genomic sequence of the
DUX4c gene (Genbank accession no. NC_000004,
sequence version 11, 1e., NC_000004.11, range
190940254 . . . 190945505 complement) indicates that the
DUX4c ORF may be included within a larger DUX4c
transcript containing six putative exons (denoted as exons 1
to 6) at respectively positions 1-65, 617-741, 966-1160,
1385-29435, 4034-4154 and 4911-5251 of NC_000004.11
(range 190940254 . . . 1909435505, complement) (wherein
putative exon 4 contains the DUX4c¢ ORF) and correspond-
ing five putative mtrons (denoted 1ntrons 1 to 35) at positions
66-616, 742-9635, 1161-1384, 2946-4033 and 4155-4910 of
NC_000004.11 (range 190940254 . . . 190945505, comple-
ment).

Hence, sequence elements to be targeted by anti-DUX4c
antisense agents as disclosed herein, particularly sequence
clements required for splicing of the DUX4c gene to be
targeted by anti-DUX4c antisense agents capable of binding,
to such elements, preferably include those sequence ele-
ments (such as, e.g., splice donor sites, splice acceptor sites,
exon-intron boundaries, intron-exon boundaries, pyrimi-
dine-rich or polypyrimidine tracts, branch sites and/or
exonic splicing enhancer elements) required for removal of
said DUX4c itrons, e.g., DUX4c itrons 1, 2, 3, 4 or 5 upon
splicing of such DUX4c¢ gene. Preferably, the targeted
DUX4c sequence elements may be chosen from the group
comprising or consisting of splice donor sites of said
DUX4cntrons 1, 2, 3, 4 or 5 and splice acceptor sites of said
DUX4c mtrons 1, 2, 3, 4 or 5; more preferably from the
group comprising or consisting of splice acceptor sites of
said DUX4c introns 1, 2, 3, 4 or 5.

10

15

20

25

30

35

40

45

50

55

60

65

8

Without limitation, where a targeted sequence element 1s
a splice donor site 1n DUX4 or DUX4c¢ genes, an antisense
agent as disclosed herein may be configured to bind to a
region 1n DUX4 or DUX4c sequence corresponding to
positions about +30 to about -30, preferably about +25 to
about —25, more preferably about +20 to about -20 relative
to the respective exon-intron boundary (i.e., position +1
denoting the last base of the preceding exon and position -1
denoting the first base of the following intron). In particular,
an antisense agent may be configured to bind to (anneal
with) at least about 10 bases, preferably at least about 15
bases, more preferably at least about 20 bases, even more
preferably at least about 25 bases or at least about 30 bases,
such as to between about 10 and about 40 bases or to
between about 20 and about 30 bases 1n any one of the above
recited regions 1n DUX4 or DUX4c¢ sequence, wherein said
reference to bases may preferably denote consecutive bases.
Preferably, such binding (annealing) will involve at least
positions -1 or -2 (more preferably both positions -1 and
—-2) and/or positions +1 or +2 (more preferably both posi-
tions +1 and +2) relative to the respective exon-intron
boundary. For example, such binding (annealing) may
involve at least positions +1 to -1 or +1 to -2 or +2 to -1
or +2 to -2. These positions denote bases which adjoin the
respective exon-intron boundary and which are particularly
relevant for splicing. Hence, and without limitation, an
antisense agent may be configured to bind to any one of the
above recited regions 1n DUX4 or DUX4c¢ sequence such
that 1t anneals over (1.e., spans or crosses) the respective
exon-intron boundary and base pairs with at least 1 base,
preferably at least 2 bases, more preferably at least 5 bases
and even more preferably at least 7 or at least 10 bases on
cach side of said exon-intron boundary, such as with
between 1 and about 20 bases, preferably between 2 and
about 15 bases or between 2 and about 10 bases on each side
of said exon-intron boundary.

Without limitation, where a targeted sequence element 1s
a splice acceptor site in DUX4 or DUX4c genes, an anti-
sense agent as disclosed herein may be configured to bind to
a region 1n DUX4 or DUX4c¢ sequence corresponding to
positions about =30 to about +30, preferably about -25 to
about +235, more preferably about —20 to about +20 relative
to the respective intron-exon boundary (i1.e., position -1
denoting the last base of the preceding intron and position +1
denoting the first base of the following exon). In particular,
an antisense agent may be configured to bind to (anneal
with) at least about 10 bases, preferably at least about 15
bases, more preferably at least about 20 bases, even more
preferably at least about 25 bases or at least about 30 bases,
such as to between about 10 and about 40 bases or to
between about 20 and about 30 bases 1n any one of the above
recited regions in DUX4 or DUX4c sequence, wherein said
reference to bases may preferably denote consecutive bases.
Preferably, such binding (annealing) will involve at least
positions —1 or -2 (more preferably both positions —1 and
—2) and/or positions +1 or +2 (more preferably both posi-
tions +1 and +2) relative to the respective intron-exon
boundary. For example, such binding (annealing) may
involve at least positions -1 to +1 or -1 to +2 or -2 to +1
or =2 to +2. These positions denote bases which adjoin the
respective mtron-exon boundary and which are particularly
relevant for splicing. Hence, and without limitation, an
antisense agent may be configured to bind to any one of the
above recited regions 1 DUX4 or DUX4c¢ sequence such
that 1t anneals over (i.e., spans or crosses) the respective
intron-exon boundary and base pairs with at least 1 base,
preferably at least 2 bases, more preferably at least 5 bases
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and even more preferably at least 7 or at least 10 bases on
cach side of said intron-exon boundary, such as with
between 1 and about 20 bases, preferably between 2 and
about 15 bases or between 2 and about 10 bases on each side
ol said intron-exon boundary.

In an example, an anti-DUX4 antisense agent may be
configured to bind to (anneal with) at least about 10 bases,
preferably at least about 15 bases, more preferably at least
about 20 bases, even more preferably at least about 25 bases
or at least about 30 bases, such as to between about 10 and
about 40 bases or to between about 20 and about 30 bases,
preferably wherein said reference to bases denotes consecu-
tive bases, ol any one of the following DUX4 sequences
(SEQ ID NO: 2 to 9) or of variants thereol having at least
about 80% and preferably at least about 90% or at least
about 95% sequence 1dentity to the respective sequences:

ggctctgctggaggagctttaggacgcgﬂ | gttgggﬁﬂggg

gtcgggtggttcggggcag
(SEQ ID NO: 2; positions +30 to -30 of

an exemplary DUX4 exon l-intron 1 boundary;
the intron sequence ig 1n italics);

gaggagctttaggacgcgi§|gttgggacggggtcgggtgg
(SEQ ID NO: 3; posgitions +20 to-20 of an

exemplary DUX4 exon l-intron 1 boundary;
intron sequence 1is 1in italics);

the

gctgaccggeoctgggattectgecttetag | gtctaggecc
ggtgagagactccacaccgc
(SEQ ID NO: 4; posgitions -30 to +30

of an exemplary DUX4 intron l-exon 2 boundary;
the intron sequence is 1in italics) ;

ctgggattcctgccttctag | gtctaggeccggtgagagac
(SEQ ID NO: 5; positions-20 to +20 of an
exemplary DUX4 intron l-exon 2 boundary;
the intron sequence i1sg in italics);

ggcatcccggggatcecccagagecggeccag | gtacctgegea
cgegegggtttgcgggeag (SEQ ID NO: 6; positions
+30 to -30 of an exemplary DUX4 exon
2-1ntron 2 boundary; the intron

sequence 1sg 1in italics) ;

ggatcccagagecggeccayg | gtacctgcgcacgegegggt
(SEQ ID NO: 7; posglitions +20 to -20 of
an exemplary DUX4 exon 2-intron 2 boundary;

the intron sequence is 1in italics) ;

tctgtotgtetttgececegecttectggetag | acctgegegeagt
gcgcaccccocggcectgacyg (SEQ ID NO: 8; Essitimns -30
to +30 of an exemplary DUX4 intron 2-exon 3
boundary; the intron sequence 1s 1n italics).

tttgecccgettoctggetag | acctgegegcagtgegeacce
(SEQ ID NO: 9; positions -20 to +20 of

an exemplary DUX4 intron 2-exon 3 boundary;
the intron sequence is 1in italics) .

Preferably, the anti-DUX4 antisense agent 1s capable of
annealing over (1.e., span or cross) the respective exon-
intron or intron-exon boundaries found 1 SEQ ID NO: 2 to
9 or 1n the vanants thereof (indicated by the “1” symbol
above). Also preferably, the anti-DUX4 antisense agent 1s
capable of annealing with at least one and preferably both of
the two intronic bases (indicated above in bold 1talics)
adjacent to the respective exon-intron or intron-exon bound-
aries and/or (preferably “and”) with at least one and pret-
crably both of the two exonic bases (underlined above)
adjacent to the respective exon-intron or intron-exon bound-
aries.

In non-limiting embodiments, an eflective anti-DUX4
antisense agent may be configured to bind to (anneal with)
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any one of the following DUX4 sequences (SEQ 1D NO: 10
to 15, 66) or to variants thereof having at least about 80%
and preferably at least about 90% or at least about 93%
sequence 1dentity to the respective sequences, or to frag-
ments thereol comprising at least 10 bases, or at least 12
bases, preferably at least about 15 bases, more preferably at
least about 20 bases, even more preferably at least about 25
bases, preferably wherein said reference to bases denotes
consecutive bases, of the respective sequences or variants.
More specifically, such an anti-DUX4 antisense agent may
comprise, consist essentially of or consist of a sequence
(e.g., a nucleic acid sequence or nucleic acid analogue
sequence) complementary to any one of said DUX4
sequences SEQ ID NO: 10 to 13, 66 or to variants thereof
having at least about 80% and preferably at least about 90%
or at least about 95% sequence identity to the respective
sequences, or to fragments thereol comprising at least 10
bases, or at least 12 bases, preferably at least about 15 bases,
more preferably at least about 20 bases, even more prefer-
ably at least about 25 bases, preferably wherein said refer-

ence to bases denotes consecutive bases, of the respective
sequences or variants:

cttctaggtctaggcecccggtgagag

(SEQ ID NO: 10; positions -7 to +18 of an
exemplary DUX4 intron l-exon 2 boundary;
positions 12241-12265 of Genbank sequence
AF117653.2 (gsee FIG. 2); the

intron sequence 1s 1n italics);

tggctagacctgcgegcagtgegca

(SEQ ID NO: 11; positions -7 to +18 of an
exemplary DUX4 intron 2-exon 3 boundary;

positions 12678-12702 of AF117653.2; the

intron sequence 1is 1in italics) ;

ctteocctggectagacctgoegegcagt

(SEQ ID NO: 12; positions -12 to +13 of an
exemplary DUX4 intron 2-exon 2 boundary;
positions 12673-12697 of AF117653.2; the
intron sequence 1is 1in italics) ;

agacctgcgcgcagtgcegcaccccyg

(SEQ ID NO: 13; positions -2 to +23 of an
exemplary DUX4 intron 2-exon 3 boundary;

positions 12685-12703 of AF117653.2; the

intron sequence ig in italicsg);

cttecctggectagacctgogegcagtgegca

(SEQ ID NO: 14; positions -12 to +18 of an
exemplary DUX4 intron 2-exon 3 boundary;
positions 12673-12702 of AF117653.2; the
intron sequence 1s 1n italics);

gococcgecttoctggectagacctgegegcecagt

(SEQ ID NO: 15; positions -17 to +13 of an
exemplary DUX4 intron 2-exon 3 boundary;
pogitions 12668-12697 of AF117653.2; the intron

sequence 1sg 1n i1talics) .

acgcggggritgggacggggtcgggt
(SEQ ID NO: 66; positions +7 to -18 of an

exemplary DUX4 exon l-intron 1 boundary; positions
12105-12129 of AF117653.2; the intron sequence
1s 1n italicsg).

For example, disclosed herein are anti-DUX4 antisense
agents comprising, consisting essentially of or consisting of
any one of sequences (e.g., nucleic acid sequences or nucleic
acid analogue sequences) SEQ ID NO: 16 to 21, 64 or
variants thereol having at least about 80% and preferably at
least about 90% or at least about 95% sequence 1dentity to
the respective sequences, or fragments thereof comprising at
least 10 bases, or at least 12 bases, preferably at least about
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15 bases, more preferably at least about 20 bases, even more
preferably at least about 25 bases, preferably wherein said
reference to bases denotes consecutive bases, of the respec-

tive sequences or variants:

CUCUCACCGGOGGCCUAGACCUAGAAG;

UGCGCACUGCGCGCAGGUCUAGCCA;

ACUGCGCGCAGGUCUAGCCAGGAAG;

CGGGGLGUGCGCACUGCGCGCAGGUCU;

US 11,898,143 B2
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UGCGCACUGCGCGCAGGUCUAGCCAGGAAG ;
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16}
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-continued

(SEQ ID NO: 21)
ACUGCGCGCAGGUCUAGCCAGGAAGCGEGEGC;

(SEQ ID NO: 64)
ACCCGACCCCGUCCCAACCCCGCRU;

wherein U denotes uracil (which may be optionally replaced
by thymine, T). In particular, the anti-DUX4 antisense
agents comprising, consisting essentially of or consisting of
any one ol sequences SEQ ID NO: 16 to 21, 64 or the
variants or fragments thereol display Complementarlty to,

and are hence configured to bind to (anneal with), the above
DUX4 sequences SEQ ID NO: 10 to 15, 66 or the variants
or fragments thereof.

In an example, an anti-DUX4c antisense agent may be
configured to bind to (anneal with) at least about 10 bases,
preferably at least about 15 bases, more preferably at least
about 20 bases, even more preferably at least about 25 bases
or at least about 30 bases, such as to between about 10 and
about 40 bases or to between about 20 and about 30 bases,
preferably wherein said reference to bases denotes consecu-
tive bases, of any one of the following DUX4c¢ sequences
(SEQ 1D NO 22 to 41) or of vanants thereof having at least
about 80% and preferably at least about 90% or at least
about 95% sequence 1dentity to the respective sequences:

acctecccacageccacagetettgtecata | gtgecgggaatagtgttcotatcactacagga

(SEQ ID NO:

22;

positions +30 to -30 of an exemplary

putative DUX4c exon l-intron 1 boundary; positions 36-95 of
Genbank sequence NC 000004 .11 range 190940254 . . . 190945505,

comp lement;

the intron sequence 1s 1n italics);

agcccacagctettgtecata | gtgegggaatagtgttcetat

(SEQ ID NO:

23;

positions +20 to -20 of =aid

exemplary DUX4c exon l-intron 1 boundary; the intron
sequence 1g 1n italics);

gcagagaggaaagcggtcttocgectccag | ggccagcgggacctegcacteegggaaaac

(SEQ ID NO:

24;

positions -30 to +30 of an exemplary

putative DUX4c intron l-exon 2 boundary; positions 587-646 of
NC 000004.11 range 190940254 . . . 190945505, complement; the

intron sequence 1s 1n italics);

aagcggtctteegectocag | ggccagecgggacctegeact

(SEQ ID NO:

25;

positions -20 to +20 of =aid

exemplary DUX4c intron l-exon 2 boundary; the intron
sequence 1g 1n italics);

gctcaccagecctecggategeeggeeegy | gtcacttcatcccggagcaattoggacgaa

(SEQ ID NO:

26 ;

positions +30 to -30 of an exemplary putative

DUX4¢c exon 2-intron 2 boundary; posgsitions 712-771 of
NC 000004.11 range 190940254 . . . 190945505, complement;
the intron sequence ig 1n italics);

ccteeggategecggeccgyg | gtcacttcatcccggagcaa

(SEQ ID NO:

27 ;

positions +20 to -20 of =aid

exemplary DUX4c exon 2-intron 2 boundary; the intron
sequence 1g 1n italics);

cgggtteocacgctocttogecctotgcaag | gggacctgttgetegegtgtetecegecece

(SEQ ID NO:

28;

positions -30 to +30 of an exemplary

putative DUX4c intron 2-exon 3 boundary; positions 936-995 of
NC 000004.11 range 190940254 ..190945505, complement; the intron
sequence 1g 1n italics);

goetocttegecectctgcaag | gggacctgttgetegegtgt

(SEQ ID NO:

29;

positions -20 to +20 of said

exemplary DUX4c intron 2-exon 3 boundary; the intron
sequence 1s 1n 1italics);

ttgcaggaaacaggaatcegtggteaggec | gtgatgcacccgacgntcttttotetygca

(SEQ ID NO:

30;

positions +30 to -30 of an exemplary

putative DUX4c exon 3-intron 2 boundary; positions 1131-1190 of
NC 000004.11 range 190940254 .. 190945505, complement; the intron
sequence 1s 1n italics);
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-continued

caggaatccgtggtcaggee | gtgatgcacccgacgtttct
(SEQ ID NO: 31; positions +20 to -20 of said

exemplary DUX4c exon 3-intron 32 boundary; the intron

sequence 1s 1n italics) ;

14

agtcaagacagcggcttccagtttccatag | aattactggagaacctcagagagccagceec

(SEQ ID NO:

32; positions -30 to +30 of an exemplary

putative DUX4c intron 3-exon 4 boundary; positions 1355-1414 of

NC 000004.11 range 190240254
the intron sequence i1sg in italics) ;

190945505,

gcggcttocagtttcecttag | aattactggagaacctcaga
(SEQ ID NO: 33; positions -20 to +20 of =aid

exemplary DUX4c¢ intron 3-exon 4 boundary; the intron

sequence 1s 1n italics) ;

complement ;

gaagaacaccgggctctgetggaggagceayg | gttggagcggggttggggcggggtgggggc

(SEQ ID NO:

34; positions +30 to -30 of an exemplary

putative DUX4c exon 4-intron 4 boundary; positions 2916-2975 of

NC 000004.11 range 150240254
intron sequence 1is 1in italics) ;

190945505,

gggctctgcectggaggagcag | gttggagcggggttggggcyg
(SEQ ID NO: 35; positions +20 to -20 of said

exemplary DUX4c exon 4-intron 4 boundary; the intron

sequence 1s 1n italics) ;

complement ;

the

ctggattccacgtttctttgeccctetgeag | aggtgectgttgetcaagtetetgececey

(SEQ ID NO:

36; positions -30 to +30 of an exemplary

putative DUX4c intron 4-exon 5 boundary; positions 3404-4063 of

NC 000004.11 range 150240254 190945505,

intron sequence is 1in italics);

cgtttectttgecctetgeag | aggtgcctgttgetcaagte
(SEQ ID NO: ns
DUX4c¢ intron 4-exon 5 boundary;
18 1n italics) ;

the intron sequence

complement ;

37; positions -20 to +20 of said exemplary

the

ttccaggaatgegtggaacaccagecategt | gteggtgctctectttcocagtttcaaacag

(SEQ ID NO:

38; positions +30 to -30 of an exemplary

putative DUX4c exon 5-intron 5 boundary; positions 4125-4184 of

NC 000004.11 range 150240254
the intron sequence i1sg in italics) ;

190945505,

gecgtggaacaccagecategt | gtecggtgctcoctcocttteocag
(SEQ ID NO: 39; positions +20 to -20 of said

exemplary DUX4c exon 5-intron 5 boundary; the intron

sequence 1s 1n italics) ;

complement ;

ctgtcctcttggtgectgtgggtoctgaaag | ttgtcgagtgegecegtecectgtggtggga

(SEQ ID NO:

DUX4¢c intron 5-exon 6 boundary; positions 4881-4940 of

NC 000004.11 range 150240254
the intron sequence i1sg in italics) ;

190945505,

ggtgctgtgggtcctgaaag |_EEgtcgagtgcgcccgtccc
(SEQ ID NO: 41; positions -20 to +20 of said

exemplary DUX4c intron 5-exon 6 boundary; the intron

sequence 1sg in italics) .

Preferably, the anti-DUX4c¢ antisense agent 1s capable of
annealing over (1.e., span or cross) the respective exon-
intron or intron-exon boundaries found in SEQ 1D NO: 22

to 41 or 1n the variants thereot (indicated by the “1” symbol <5

above). Also preferably, the anti-DUX4c¢ antisense agent 1s
capable of annealing with at least one and preferably both of
the two 1ntronic bases (indicated above 1n bold italics)
adjacent to the respective exon-intron or intron-exon bound-
aries and/or (preferably “and”) with at least one and pret-
crably both of the two exonic bases (underlined above)
adjacent to the respective exon-intron or intron-exon bound-
aries.

Without limitation, where a targeted sequence element 1s
a polyadenylation signal 1n the DUX4 or DUX4c gene, such
as preferably the polyadenylation signal ATTAAA, an anti-
sense agent as disclosed herein may be configured to bind to

60

65

40; posgsitions -30 to +30 of an exemplary putative

complement ;

a region 1n DUX4 or DUX4c¢ sequence corresponding to
positions about =30 to about +30, preferably about -25 to
about +235, more preferably about —20 to about +20 relative
to said polyadenylation signal (1.e., position —1 denoting the
last base preceding the polyadenylation signal and position
+1 denoting the first base following the polyadenylation
signal). In particular, such antisense agent may be config-
ured to bind to (anneal with) at least about 10 bases,

preferably at least about 15 bases, more preferably at least
about 20 bases, even more preferably at least about 25 bases
or at least about 30 bases, such as to between about 10 and
about 40 bases or to between about 20 and about 30 bases
in any one of the above recited regions i the DUX4 or
DUX4c sequence, wherein said reference to bases may
preferably denote consecutive bases. Preferably, the anti-
sense agent may be configured to bind such that 1t anneals
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with at least a portion of (e.g., 1, 2, 3, 4, 5 or 6 nucleotides)
the polyadenylation signal or with the entire polyadenylation
signal. For example but without limitation, such antisense
agent may be configured to anneal over (i.e., to span or
cross) the polyadenylation signal and to base pair with at
least 1 base, preferably at least 2 bases, more preferably at
least 5 bases and even more preferably at least 7 or at least
10 bases on each side of said polyadenylation signal, such as
with between 1 and about 20 bases, preferably between 2
and about 15 bases or between 2 and about 10 bases on each
side of said polyadenylation signal.

In an example, an ant1-DUX4 antisense agent may be
configured to bind to (anneal with) at least about 10 bases,
preferably at least about 15 bases, more preferably at least
about 20 bases, even more preferably at least about 25 bases
or at least about 30 bases, such as to between about 10 and

about 40 bases or to between about 20 and about 30 bases,
preferably wherein said reference to bases denotes consecu-
tive bases, of the following DUX4 sequences (SEQ 1D NO:
6’7 or 68) or of vanants thereof having at least about 80% and
preferably at least about 90% or at least about 95% sequence
identity to the respective sequences:

acatctcctggatgattagttcagagatatattaaa

atgccccoctececctgtggatectatagaaga

(SEQ ID NO: 67; posgitions -30 to +30

of an exemplary DUX4 polyvadenylation signal;
the polyadenylation signal 1s 1n italics);

gatgattagttcagagatatattaaaatgcccccte
cctgtggatce

(SEQ ID NO: 68; posgitions -20 to +20

of an exemplary DUX4 polyadenylation sighal;
the polyadenylation signal 1s 1in italics);

Preferably, the anti-DUX4 antisense agent may be
capable of annealing over (1.e., span or cross) the polyade-
nylation signal ATTAAA found in SEQ ID NO: 67 or 68 or
in the variants thereof.

In non-limiting embodiments, an eflective anti-DUX4
antisense agent may be configured to bind to (anneal with)
the following DUX4 sequence (SEQ ID NO: 69) or to
variants thereof having at least about 80% and preferably at
least about 90% or at least about 95% sequence 1dentity to
said sequence, or to fragments thereol comprising at least 10
bases, or at least 12 bases, preferably at least about 135 bases,
more preferably at least about 20 bases, even more prefer-
ably at least about 25 bases, preferably wherein said refer-
ence to bases denotes consecutive bases, of said sequence or
variants. More specifically, such an anti-DUX4 antisense
agent may comprise, consist essentially of or consist of a
sequence (e.g., a nucleic acid sequence or nucleic acid
analogue sequence) complementary to said DUX4
sequences SEQ ID NO: 69 or to variants thereof having at
least about 80% and preferably at least about 90% or at least
about 95% sequence 1dentity to said sequence, or to frag-
ments thereol comprising at least 10 bases, or at least 12
bases, preferably at least about 15 bases, more preferably at
least about 20 bases, even more preferably at least about 25
bases, preferably wherein said reference to bases denotes
consecutive bases, of the respective sequences or variants:
agttcagagatatattaaaatgcce (SEQ ID NO: 69; positions —13 to
+6 of an exemplary DUX4 polyadenylation signal; positions
12839-12863 of Genbank sequence AF117653.2 (see FIG.
3); the polyadenylation signal 1s 1n 1talics);

For example, disclosed herein 1s an anti-DUX4 antisense
agents comprising, consisting essentially of or consisting of
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sequence (e.g., nucleic acid sequences or nucleic acid ana-
logue sequences) SEQ ID NO: 65 or variants thereof having
at least about 80% and preferably at least about 90% or at
least about 95% sequence i1dentity to said sequence, or
fragments thereof comprising at least 10 bases, or at least 12
bases, preferably at least about 15 bases, more preferably at
least about 20 bases, even more preferably at least about 25
bases, preferably wherein said reference to bases denotes
consecutive bases, of said sequence or variants:

(SEQ ID NO:
GGGCAUUUUAAUAUAUCUCUGAACU

65)

wherein U denotes uracil (which may be optionally replaced
by thymine, T). In particular, the anti-DUX4 antisense
agents comprising, consisting essentially of or consisting of
any one of sequence SEQ ID NO: 65 or the variants or
fragments thereof display complementarity to, and are hence
configured to bind to (anneal with), the above DUX4
sequences SEQ ID NO: 69 or the variants or fragments
thereof.

In a further aspect the invention provides an RNA 1nter-
terence (RNA1) agent capable of reducing or abolishing the
production of DUX4 and/or DUX4c proteins.

In particular, the RN A1 agent may be configured to target
DUX4 and/or DUX4c messenger RNA (mRNA), respec-
tively. Whereas the RNA1 agent may be configured to target
any part of DUX4 and/or DUX4c mRNA, such as for
example the 3'-untranslated region (3' UTR), ORF or 3' UTR
thereof, the RNA1 agent may be preferably configured to
target the 3' UTR of DUX4 and/or DUX4c mRNA. The
inventors realised that targeting the 3' UTR of DUX4 and/or
DUX4c mRNA allows for particularly eflective RNAi-
mediated downregulation of the production of DUX4 and/or
DUX4c proteins. Moreover, targeting the 3' UTR of DUX4
or DUX4c mRNA allows for RN A1 agents which are highly
specific for either DUX4 or DUX4c mRNA, presumably but

without limitation due to sequence diflerences 1n the distinct
3' UTRs.

DUX4 emerges as particularly implicated 1n the aetiology
of FSHD. Hence, preferably disclosed herein 1s an RNA1
agent capable of reducing or abolishing the production of
DUX4 protein. Such RNA1 agent 1s configured to target
DUX4 mRNA.

Also preferably disclosed herein 1s an RNA1 agent
capable of reducing or abolishing the production of DUX4
protein but not of the DUX4c¢ protein. Such RNA1 agent 1s
configured to target DUX4 mRINA but not DUX4¢c mRNA.
In an alternative, disclosed 1s an RNA1 agent capable of
reducing or abolishing the production of DUX4c¢ protein but
not of the DUX4 protein. Such RNA1 agent 1s configured to
target DUX4¢ mRNA but not DUX4 mRNA.

RNA1 agents as intended herein may particularly com-
prise or denote (1.e., may be selected from a group compris-
ing or consisting of) RN A1 nucleic acid molecules or RN A1
nucleic acid analogue molecules, such as preferably short
interfering nucleic acids and short interfering nucleic acid
analogues (siNA) such as short interfering RNA and short
interfering RNA analogues (siRNA), and may further denote
inter alia double-stranded RNA and double-stranded RNA
analogues (dsRINA), micro-RNA and micro-RINA analogues
(mi1RNA), and short hairpin RNA and short hairpin RNA
analogues (shRNA).

Advantageously, an RNA1 agent as disclosed herein may
be conjugated to a cell penetrating peptide (CPP), to enhance
the cellular uptake of said RNA1 agents.
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An RNAi1 agent typically includes a double stranded
portion (notwithstanding the optional and potentially pre-
terred presence of any single-stranded overhands) compris-
ing at least 16 bases, preferably at least 17 bases, more
preferably at least 18 bases and still more pretferably at least
19 bases, and usually between 18 and 335 bases, preferably
between 19 and 30 bases, more preferably between 20 and
25 bases and even more preferably between 21 and 23 bases
which are 1dentical or almost identical to (e.g., showing 90%
or more, e.g., at least 95%, sequence 1dentity to, or showing
maximum 2 and preferably only 1 mismatch with) an

mRNA whose silencing 1s desired and which 1s thus targeted
by said RNA1 agent (such as, e.g., DUX4 and/or DUX4c
mRNAS).

A DUX4 gene preferably intended for targeting by the
RINA1 agents as disclosed herein resides 1n the distal-most
D474 unit which extends into the pLAM region tlanking the
telomeric side of the D474 array. Such DUX4 gene leads to
production of comparably stable mRNA(s) (Dixit et al.
2007, supra). As schematically illustrated in FIG. 2 with
reference to an exemplary but non-limiting genomic
sequence as shown 1n FIG. 3, such DUX4 gene comprises
two introns which are located 1n its 3' UTR, namely intron
1 (or intron A) within the D474 unit and intron 2 (or intron
B) provided by the pLAM region. Alternative splicing of

intron 1 as schematically captured in FIG. 2 leads to
alternative DUX4 mRNA:s.

Exemplary but non-limiting DUX4 cDNA sequences
including or not intron 1 are shown in FIGS. 4 (SEQ ID NO:
42) and 5 (SEQ ID NO: 43), respectively.

Accordingly, 1n an embodiment anti-DUX4 RNA1 agents
as intended herein may be configured to target DUX4
mRNA as represented by the DUX4 cDNA sequence set
forth in SEQ ID NO: 42 or vanants thereof having at least
about 80% and preferably at least about 90% or at least
about 95% sequence 1dentity to SEQ ID NO: 42. Preferably,
such anti-DUX4 RNA1 agents may be configured to target
the 3' UTR of said DUX4 mRNA or variants, such as for
example to target 3' UTR sequences corresponding to or
overlapping with exon 1, mtron 1, exon 2 and/or exon 3.

In another embodiment anti-DUX4 RNAi1 agents as
intended herein may be configured to target DUX4 mRNA
as represented by the DUX4 ¢cDNA sequence set forth 1n
SEQ ID NO: 43 or vaniants thereof having at least about
80% and preferably at least about 90% or at least about 95%
sequence 1dentity to SEQ ID NO: 43. Preferably, such
ant1-DUX4 RNA1 agents may be configured to target the 3
UTR of said DUX4 mRNA or variants, such as for example
to target 3' UTR sequences corresponding to or overlapping,
with exon 1, exon 2 and/or exon 3.

In an example, an anti-DUX4 RNA1 agent may be con-
figured to target any one of the following DUX4 mRINA
sequences (SEQ ID NO: 44 to 46) or variants thereof having
at least about 80% and preferably at least about 90% or at
least about 95% sequence identity to the respective
sequences, or fragments thereof comprising at least 16
bases, preferably at least 17 bases, more preferably at least
18 bases and still more preferably at least 19 bases, and
usually between 18 and 35 bases, preferably between 19 and
30 bases, more preferably between 20 and 25 bases and even
more preferably between 21 and 23 bases, preferably
wherein said reference to bases denotes consecutive bases,
of the respective sequences or variants:
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(SEQ ID NO: 44)
CECEGEGCAACACCUGGCUGGCUACGCAGEGERCEUG

(SEQ ID NO: 45)
GCCUUCUAGGUCUAGGCCCGCUGAGAGACUCCACA

(SEQ ID NO: 46)

UAGGCAAACCUGGAUUAGAGUUACAUCUCCUGGAU

wherein U denotes uracil (which may be optionally replaced
by thymine, T).

In exemplary but non-limiting embodiments, an anti-
DUX4 RNA1 agent as disclosed herein may comprise any
one of the following sequences (SEQ ID NO: 47 to 49) or
variants thereot having at least about 80% and preferably at
least about 90% or at least about 95% sequence 1dentity to
(e.g., variants showing maximum 2 and preferably only 1
mismatch with) the respective sequences, or fragments
thereol comprising at least 16 bases, preferably at least 17
bases and more preferably at least 18 bases, preferably
wherein said reference to bases denotes consecutive bases,
of the respective sequences or variants:

(SEQ ID NO: 47)
acaccuggcuggcuacgga;

(SEQ ID NO: 48)
ggucuaggcccggugagag ;

(SEQ ID NO: 49)

ccuggauuagaguuacauc.

wherein U denotes uracil (which may be optionally replaced
by thymine, T).

Exemplary but non-limiting DUX4c¢ cDNA sequences are
shown 1n FIGS. 6 (SEQ ID NO: 50) and 7 (SEQ ID NO: 51),
including 3' UTR regions of distinct lengths.

Accordingly, 1n an embodiment anti-DUX4¢c RNA1 agents
as mtended herein may be configured to target DUX4c
mRNA as represented by the DUX4c cDNA sequence set
forth 1n SEQ ID NO: 50 or vanants thereof having at least
about 80% and preferably at least about 90% or at least
about 95% sequence 1dentity to SEQ ID NO: 50. Preferably,
such anti-DUX4c¢ RNA1 agents may be configured to target
the 3' UTR of said DUX4c mRINA or variants.

In another embodiment anti-DUX4c RNAi1 agents as
intended herein may be configured to target DUX4c mRNA
as represented by the DUX4c ¢cDNA sequence set forth 1n
SEQ ID NO: 51 or vaniants thereof having at least about
80% and preferably at least about 90% or at least about 95%
sequence 1dentity to SEQ ID NO: 31. Preferably, such
ant1-DUX4c¢ RN A1 agents may be configured to target the 3
UTR of said DUX4c mRNA or variants.

As noted above, a further exemplary but non-limiting
genomic sequence of the DUX4c¢ gene (Genbank accession
no. NC_000004 range 190940254 . . . 190945505, comple-
ment, sequence version 11, 1.e., NC_000004.11 range
190940254 . . . 190945505, complement) predicts a longer
DUX4c mRNA than those shown in FIGS. 6 and 7. In
particular, such further exemplary but non-limiting DUX4c
cDNA sequence 1s available 1n the Genbank database under
accession no. XR_041199 (sequences version 2, 1.e.,
XR_041199.2) and reproduced 1n FIG. 8 (SEQ ID NO: 52).

Hence, in an embodiment anti-DUX4c¢ RNA1 agents as
intended herein may be configured to target DUX4c mRNA
as represented by the DUX4c cDNA sequence set forth 1n
SEQ ID NO: 52 or variants thereof having at least about
80% and preferably at least about 90% or at least about 95%
sequence 1dentity to SEQ ID NO: 32. Preferably, such
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ant1-DUX4c RNA1 agents may be configured to target the 3
UTR of said DUX4c mRINA or varniants.

In an example, an anti-DUX4c RNAi1 agent may be
configured to target any one of the following DUX4c¢ mRINA
sequences (SEQ ID NO: 53 to 55) or variants thereof having
at least about 80% and preferably at least about 90% or at
least about 95% sequence identity to the respective
sequences, or fragments thereol comprising at least 16
bases, preferably at least 17 bases, more preferably at least
18 bases and still more preferably at least 19 bases, and
usually between 18 and 35 bases, preferably between 19 and
30 bases, more preferably between 20 and 25 bases and even
more preferably between 21 and 23 bases, preferably
wherein said reference to bases denotes consecutive bases,
ol the respective sequences or variants:

(SEQ ID NO: 523)
uguagacaccagaguuucagcaaaaggcacgaccu

(SEQ ID NO: 54)
cacacagaggagggcugucauucuuuccugagcau

(SEQ ID NO: 55)

uuuccccagcocguucuucagucgaguuggoggagac

wherein U denotes uracil (which may be optionally replaced
by thymine, T).

In exemplary but non-limiting embodiments, an anti-
DUX4c RNA1 agent as disclosed herein may comprise any
one of the following sequences (SEQ ID NO: 36 to 58) or
variants thereol having at least about 80% and preferably at
least about 90% or at least about 95% sequence 1dentity to
(e.g., variants showing maximum 2 and preferably only 1
mismatch with) the respective sequences, or fragments
thereol comprising at least 16 bases, preferably at least 17
bases and more preferably at least 18 bases, preferably
wherein said reference to bases denotes consecutive bases,
of the respective sequences or variants:

(SEQ ID NO: 56)
ccagaguuucagcaaaagqg;

(SEQ ID NO: 57)
ggagggcugucauucuuuc ;

(SEQ ID NO: 58)

gcguucuucagucgaguug ;

wherein U denotes uracil (which may be optionally replaced
by thymine, T).

Also disclosed herein 1s a method for producing any one
ant1-DUX4 and/or anti-DUX4c antisense agent or RNA1
agent as taught herein, particularly wherein said agent
comprises, consists essentially of or consists of a nucleic
acid molecule or a nucleic acid analogue molecule, com-
prising synthesising said agent from its constituent nucleo-
tides or nucleotide analogues, and optionally and preferably
at least partly puritying the agent from the synthesis reac-
tion.

Further disclosed herein 1s a nucleic acid, more specifi-
cally an 1solated nucleic acid, encoding any one or more
ant1-DUX4 and/or anti-DUX4c antisense agent or RNA1
agent as taught herein. Preferably, the nucleic acid may be
operably linked to one or more regulatory sequences allow-
ing for expression ol the nucleic acid 1 an expression
system, such as without limitation 1n vitro (e.g., in a cell-free
expression system) or in a host cell or host organism.

As well disclosed 1s a recombinant nucleic acid construct
(1.e., a vector) comprising a nucleic acid encoding any one
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or more anti-DUX4 and/or anti-DUX4c¢ antisense agent or
RNA1 agent as taught herein. Such construct (vector) may
allow 1nter alia to propagate the nucleic acid encoding said
agent, e.g., 1n vitro or 1n a host cell or host organism. Also
contemplated 1s a method for producing said recombinant
nucleic acid construct (vector) comprising mtroducing the
nucleic acid encoding said agent to a recipient nucleic acid
construct (recipient vector).

Preferably, the recombinant nucleic acid construct may be
an expression construct (1.e., an expression vector), hence
may be capable of expressing (configured to express) the
nucleic acid encoding the one or more anti-DUX4 and/or
ant1-DUX4c antisense agent or RN A1 agent in an expression
system, such as without limitation 1n vitro (e.g., 1n a cell-free
expression system) or in a host cell or host organism. In an
expression construct (expression vector), the nucleic acid
encoding said agent 1s operably linked to one or more
regulatory sequences allowing for expression of the nucleic
acid 1n said expression system. Also contemplated 1s thus a
method for producing said expression construct (expression
vector) comprising introducing the nucleic acid encoding
said agent to a recipient expression construct (recipient
expression vector).

Also disclosed 1s thus a method for producing any one or
more anti-DUX4 and/or anti-DUX4c¢ antisense agent or
RNA1 agent as taught herein comprising expressing said
agent from an expression construct (expression vector) as
taught herein comprising a nucleic acid encoding said agent,
In an expression system, and optionally at least partly
purifying the agent.

Disclosed herein 1s as well a host cell comprising any one
or more anti-DUX4 and/or anti-DUX4c antisense agent or
RNA1 agent, or an 1solated nucleic acid encoding such an
agent, or a recombinant construct (vector) (preferably an
expression construct, expression vector) comprising a
nucleic acid encoding such an agent, as taught herein. Also
encompassed 1s a method for producing such a host cell
comprising introducing into a recipient host cell the anti-
DUX4 and/or ant1-DUX4c antisense agent or RNA1 agent,
or the 1solated nucleic acid encoding such an agent, or the
recombinant construct (vector) (preferably an expression
construct, expression vector) comprising a nucleic acid
encoding such an agent. Preferably, the host cell may be a
prokaryotic or eukaryotic cell, more preferably a bactenal,
fungal, plant or animal cell, even more preferably a mammal
cell or a primate cell, including very preferably human cells,
as well as non-human mammal cells and non-human primate
cells. For example, said human host cell may be a myoblast
or a myoblast precursor derived from a patient, such as for
example a myoblast derived from a muscle biopsy of said
patient or derived from a mesangioblast of said patient, or
said myoblast or myoblast precursor may be differentiated
from an adult stem cell or an induced pluripotent stem (1PS)
cell of said patient. The 1solated nucleic acid or construct
(vector) may be integrated, preferably stably integrated, into
the genome of the host cell or may remain extra-genomic or
extra-chromosomal. Insofar the host cell comprises said
agent, 1solated nucleic acid or construct (vector), it may be
denoted a ‘transgenic’ or ‘transiformed’ cell in that regard.
Preferably, a host cell expresses or 1s under suitable condi-
tions capable of expressing the 1solated nucleic acid or
vector comprised therein, thereby producing the anti-DUX4
and/or ant1-DUX4c antisense agent or RNA1 agent encoded
thereby. Also contemplated 1s thus a method for producing
any one or more ant1-DUX4 and/or anti-DUX4c antisense
agent or RNA1 agent as taught herein comprising culturing
or maintaining a host cell comprising an 1solated nucleic
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acid encoding said agent or an expression construct (expres-
s10n vector) comprising a nucleic acid encoding said agent,
under conditions conducive to expression of said agent from
said 1solated nucleic acid or expression construct. The
so-produced agent may be intended to exert its silencing
cllect 1n the host cell expressing it, or may by intended for
use elsewhere 1n which case the method may further option-
ally and preferably comprise at least partly purifying the
agent.

Disclosed herein 1s as well a host organism comprising
any one or more ant1-DUX4 and/or anti-DUX4c antisense
agent or RNA1 agent, or an 1solated nucleic acid encoding
such an agent, or a recombinant construct (vector) (prefer-
ably an expression construct, expression vector) comprising
a nucleic acid encoding such an agent, or a host cell, as
taught herein. Also encompassed 1s a method for producing
such a host organism comprising introducing the anti-DUX4
and/or ant1-DUX4c antisense agent or RNA1 agent, or the
1solated nucleic acid encoding such an agent, or the recom-
binant construct (vector) (preferably an expression con-
struct, expression vector) comprising a nucleic acid encod-
ing such an agent, into a recipient host organism, e.g., to a
cell, tissue or organ of said host organism, or introducing the
host cell as taught herein to a recipient host organism, or at
least partly regenerating an organism from said host cell.
Preferably, the host organism may be a multi-cellular organ-
1sm, more preferably a plant or animal organism, even more
preferably a mammal or primate, particularly including
non-human mammals and non-human primates. The 1solated
nucleic acid or construct (vector) may be integrated, pret-
crably stably integrated, into the genome of the host organ-
1sm or may remain extra-genomic or extra-chromosomal.
Insofar the host organism comprises said agent, 1solated
nucleic acid or construct (vector), 1t may be denoted a
“transgenic’ or ‘transformed’ organism 1n that regard. Pref-
erably, a host organism expresses or i1s under suitable
conditions capable of expressing the 1solated nucleic acid or
vector comprised therein, thereby producing the anti-DUX4
and/or ant1-DUX4c antisense agent or RNA1 agent encoded
thereby. Also contemplated 1s thus a method for producing
any one or more anti-DUX4 and/or anti-DUX4c antisense
agent or RN A1 agent as taught herein comprising culturing
or maintaining a host organism comprising an 1solated
nucleic acid encoding said agent or an expression construct
(expression vector) comprising a nucleic acid encoding said
agent, under conditions conducive to expression of said
agent from said isolated nucleic acid or expression con-
struct. The so-produced agent may be intended to exert its
silencing eflfect 1n the host organism expressing 1it, or may by
intended for use elsewhere 1n which case the method may
turther optionally and preferably comprise at least partly
purilying the agent.

As well encompassed 1s a progeny of the host cell or host
organism as taught herein. Particularly intended 1s progeny
comprising the introduced agent, or i1solated nucleic acid
encoding the agent, or a construct (vector) comprising a
nucleic acid encoding the agent, or comprising a replicated
copy of said nucleic acid or construct (vector), 1.e., progeny
transgenic or transformed with regard to said nucleic acid or
construct.

Also imtended are compositions and formulations com-
prising any one or more anti-DUX4 and/or anti-DUX4c
antisense agent or RNA1 agent as taught herein, or an
1solated nucleic acid encoding such an agent, a recombinant
construct (vector) (preferably an expression construct,
expression vector) comprising a nucleic acid encoding such
an agent, or a host cell or host organism as taught herein, and
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one or more additional components, such as without limi-
tation one or more solvents and/or one or more pharmaceu-
tically acceptable carriers. Further provided are methods for
producing the above compositions or formulations, com-
prising admixing said agent, 1solated nucleic acid, construct
(vector), host cell or host organism as taught herein with one
or more additional components.

Particularly intended are pharmaceutical compositions
and formulations comprising any one or more anti-DUX4
and/or anti-DUX4c¢ antisense agent or RNA1 agent as taught
herein, or an 1solated nucleic acid encoding such an agent,
a recombinant construct (vector) (preferably an expression
construct, expression vector) comprising a nucleic acid
encoding such an agent, or a host cell or host organism as
taught herein, one or more pharmaceutically acceptable
carriers; and methods for producing said pharmaceutical
compositions and formulations, comprising admixing said
agent, 1solated nucleic acid, construct (vector), host cell or
host organism as taught herein with said one or more
pharmaceutically acceptable carriers.

Further disclosed herein are kits of parts comprising any
one or more anti-DUX4 and/or anti-DUX4c antisense agent
or RNA1 agent as taught herein, or an 1solated nucleic acid
encoding such an agent, a recombinant construct (vector)
(preferably an expression construct, expression vector) com-
prising a nucleic acid encoding such an agent, or a host cell
or host organism or progeny thereol as taught herein, or
composition(s) or formulation(s) comprising any of such.
The components of the kits may be 1n various forms, such
as, €.g., lyophilised, free in solution or immobilised on a
solid phase. They may be, e.g., provided in a multi-well plate
Or as an array or microarray, or they may be packaged
separately and/or individually. A kit will further typically
comprise 1structions for 1ts use. The kits may be advanta-
geously employed 1n various applications, such as inter alia
in therapeutic, diagnostic, compound-screening and research
applications.

Further provided 1s:

any one or more ant1-DUX4 and/or anti-DUX4c¢ antisense

agent or RNA1 agent as taught herein, or an isolated
nucleic acid encoding such an agent, a recombinant
construct (vector) (preferably an expression construct,
expression vector) comprising a nucleic acid encoding
such an agent, or a host cell or host organism or
progeny thereof as taught herein, or composition(s) or
formulation(s) comprising any of such, for use as a
medicament; or for use 1n the treatment of a disease or
condition the treatment of which can benefit from
reducing the expression of double homeobox 4 and/or
double homeobox 4c;

use of any one or more anti-DUX4 and/or anti-DUX4c¢

antisense agent or RNA1 agent as taught herein, or an
1solated nucleic acid encoding such an agent, a recom-
binant construct (vector) (preferably an expression con-
struct, expression vector) comprising a nucleic acid
encoding such an agent, or a host cell or host organism
or progeny thereof as taught herein, or composition(s)
or formulation(s) comprising any of such, for the
manufacture of a medicament for the treatment of a
disease or condition the treatment of which can benefit
from reducing the expression of double homeobox 4
and/or double homeobox 4c; or

a method for treating a disease or condition the treatment

of which can benefit from reducing the expression of
double homeobox 4 and/or double homeobox 4c¢ 1n a
subject, comprising administering to said subject a
therapeutically or prophylactically eflective amount of
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any one or more anti-DUX4 and/or anti-DUX4c¢ anti-
sense agent or RNA1 agent as taught herein, or an

1solated nucleic acid encoding such an agent, a recom-
binant construct (vector) (preferably an expression con-
struct, expression vector) comprising a nucleic acid
encoding such an agent, or a host cell or host organism
or progeny thereof as taught herein, or composition(s)
or formulation(s) comprising any of such.

Preferably, the diseases or conditions include ones com-
prising increased levels and/or increased activity of double
homeobox 4 and/or double homeobox 4c¢, more preferably
the disease or condition i1s facioscapulohumeral muscular
dystrophy (FSHD). Double homeobox 4 emerges as particu-
larly implicated in the aetiology of FSHD. Anti-DUXA4
antisense and/or RNA1 agents and the related or derived
reagents are thus preferred.

It shall be appreciated that the reference herein to “any
one or more anti-DUX4 and/or anti-DUX4c antisense agent
or RN A1 agent” covers not only such single agents, but also
any combinations of two or more such agents. Expressly
intended are without limitation a combination of two or
more ant1-DUX4 and/or anti-DUX4c antisense agents; a
combination of two or more anti-DUX4 and/or anti-DUX4c¢
RN A1 agents; and a combination of one or more anti-DUX4
and/or anti-DUX4c antisense agent and one or more anti-
DUX4 and/or anti-DUX4c RNA1 agent. Agents 1n a com-
bination of two or more agents may be typically provided as
separate molecules, or may otherwise be covalently or
non-covalently conjugated to one another, either directly or
via a suitable linker or carrier. A non-limiting example of
joined agents includes “weasel” agents of two or more

co-joined antisense oligonucleotides as disclosed in WO
2006/000057, or 1 Aartsma-Rus et al. 2004 (Am J Hum

Genet 74: 83-92).

The above and further aspects and preferred embodiments
of the invention are described 1n the following sections and
in the appended claims. The subject matter of appended
claiams 1 to 28 1s hereby specifically incorporated in this
specification.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 1llustrates a schematic representation of the DUX4
transcripts expressed from an exemplary pathogenic D474
repeat array containing four D474 units (grey arrows) at the
49335 locus. Each of the four D474 units contains the DUX4
open reading frame (ORF) (white boxes) and a transcription
start site (white bended arrows). The repeat array 1s tlanked
on 1ts telomeric end by the pLAM region (grey box) which
1s only present on the 4gA allele uniquely linked to FSHD.
The alternative 4gB allele 1s not linked to FSHD (Lemmers
et al. 2004 (Am J Hum Genet 75(6): 1124-30)).

FI1G. 2 1llustrates a scheme of an EcoRI genomic fragment
cloned mn pGEM7Z7 and encompassing the 3'portion of the
DUX4 ORF and 1ts 3' UTR. The stop codon of the DUX4
OREF, the pLAM region and the poly-A addition signal
(AT TAAA) are indicated 1n the upper panel. The lower panel
captures the mapping of the 3' mRNA ends and 1illustrates the
location of 1ntrons 1 and 2. Intron 1 1s alternatively spliced.

The nucleotide positions are as shown 1n the sequence 1n
FIG. 3.

FIG. 3 illustrates the sequence (SEQ ID NO: 1) of an
exemplary genomic fragment as schematically set out 1n
FIG. 2, encompassing the 3' portion of the DUX4 ORF and
its 3' UTR. This particular sequence reproduces positions
12001 to 13080 of the genomic sequence available 1n the

NCBI Genbank database under accession number AF117653
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(sequence version no. 2, 1.e., AF117653.2). Inthis AF117633
sequence said DUX4 ORF extends from an ATG translation
initiation codon at position 10829 (not shown) to the stop
codon at positions 12101-12103 (boxed). Exon 1 ends at
position 12111, mntron 1 extends from position 12112 to
122477 within the D474 unit (italics), exon 2 extends from
position 12248 to 12329 (bold), the last D474 umt ends at
position 12329 continuing with the pLAM region, intron 2
extends from position 12330 to 12684 (larger) (italics) or
alternatively 12338-12682 (smaller), and exon 3 extends
from position 12685 to 12873 (bold).

FIG. 4 illustrates the sequence (SEQ ID NO: 42) of an
exemplary DUX4 ¢cDNA. The DUX4 ORF, demarcated by
the translation mitiation codon (bold, boxed) and the stop
codon (boxed), and the 5' UTR upstream of the ATG codon
correspond to these portions 1n the exemplary DUX4 cDNA
sequence available 1n Genbank under accession no.
NM_033178 (sequence version 2, 1.e., NM_033178.2). The
3' UTR downstream of the stop codon (1.e., starting from
position 1576 of SEQ ID NO: 42) i1s compiled from the
DUX4 genomic sequence AF117653.2 (see FIG. 3 and
legend thereto) and includes the remainder of exon 1, intron
1 (italics), exon 2 (bold) and exon 3 (underlined).

FIG. 5 illustrates the sequence (SEQ ID NO: 43) of an
exemplary DUX4 cDNA. The DUX4 ORF, demarcated by
the translation mitiation codon (bold, boxed) and the stop
codon (boxed), and the 5' UTR upstream of the ATG codon
correspond to these portions 1n the exemplary DUX4 cDNA
sequence available 1 Genbank wunder accession no.
NM_033178 (sequence version 2, 1.e., NM_033178.2). The
3' UTR downstream of the stop codon (1.e., starting from
position 1576 of SEQ ID NO: 43) 1s compiled from the
DUX4 genomic sequence AF117653.2 (see FIG. 3 and
legend thereto) and includes the remainder of exon 1, exon
2 (bold) and exon 3 (underlined).

FIG. 6 illustrates the sequence (SEQ ID NO: 50) of an
exemplary putative DUX4c c¢cDNA. This sequence corre-
sponds to positions 727 to 2440 of an exemplary but
non-limiting genomic sequence of the DUX4c gene (Gen-
bank accession no. AY500824, sequence version 1, 1.e.,
AY500824.1). Indicated are the putative GC-box (under-
lined) at positions 1-13 of SEQ ID NO: 50 (positions
727-7139 of AYS500824.1), the putative TATA-box variant
(double underlined) at positions 48-52 of SEQ 1D NO: 30
(positions 774-778 of AY500824.1), the DUX4c ORF
demarcated by the translation 1nitiation codon (bold, boxed)
at positions 192-194 of SEQ ID NO: 50 (positions 918-920
of AY500824.1) and the stop codon (boxed) at positions
1314-1316 of SEQ ID NO: 50 (positions 2040-2042 of
AY500824.1). The 3' UTR as experimentally detected
extends downstream of the stop codon (1.e., starting from
position 1317 of SEQ ID NO: 50; position 2043 of
AY500824.1) down to position 1714 of SEQ ID NO: 50
(position 2440 of AY500824.1).

FIG. 7 illustrates the sequence (SEQ ID NO: 31) of an
exemplary putative DUX4c ¢cDNA. This sequence corre-
sponds to positions 727 to 2629 of an exemplary but
non-limiting genomic sequence of the DUX4c gene (Gen-
bank accession no. AY500824, sequence version 1, 1.e.,
AY500824.1). Indicated are the putative GC-box (under-
lined) at positions 1-13 of SEQ ID NO: 31 (positions
727-739 of AY300824.1), the putative TATA-box variant
(double underlined) at positions 48-32 of SEQ ID NO: 31
(positions 774-778 of AY500824.1), the DUX4c ORF
demarcated by the translation initiation codon (bold, boxed)
at positions 192-194 of SEQ ID NO: 51 (positions 918-920
of AY500824.1) and the stop codon (boxed) at positions
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1314-1316 of SEQ ID NO: 51 (positions 2040-2042 of
AY500824.1). The 3' UTR as experimentally detected 1n an
FSHD patient extends downstream of the stop codon (i.e.,
starting from position 1317 of SEQ ID NO: 51; position
2043 of AYS00824.1) down to position 1903 of SEQ ID NO:
51 (position 2629 of AYS00824.1).

FIG. 8 illustrates the sequence (SEQ ID NO: 32) of an
exemplary putative DUX4c ¢cDNA. This sequence corre-
sponds to predicted DUX4c¢ mRNA as available 1in the
Genbank database under accession no. XR_041199 (se-
quences version 2, 1.e., XR_041199.2). Indicated are the
DUX4c ORF demarcated by the translation mnitiation codon
(bold, boxed) at positions 688-670 and the stop codon
(boxed) at positions 1810-1812. The predicted 3' UTR
extends downstream of the stop codon (i.e., starting from
position 1813.

FIG. 9 illustrates the inlibitory eflect of anti-DUX4
pre-mRNA antisense oligomers on DUX4 protein expres-
S1011.

FIGS. 10 and 11 1illustrate that antisense oligomer 1524
can exert a specific mhibitory effect on DUX4 protein
CXPression.

FIG. 12 illustrates that antisense oligomers 1524, 1523
and 1522 can exert a specific inhibitory effect on DUX4
protein expression.

FIGS. 13A, 13B and 14 illustrate evaluation of siRNA
targeting DUX4c.

FIG. 15 illustrates evaluation of siRNA targeting DUX4.

FIG. 16 illustrates evaluation of anti-DUX4c¢ and anti-
DUX4 siRNA specificity by Western blot. (A) anti-DUX4
antibody, (B) anti-DUX4c¢ antibody.

FI1G. 17 1llustrates pLVTH-shRNA expression vector.

FIG. 18 schematically illustrates production of shRNA
from an shRINA vector and 1ts subsequence processing to
siRNA by Dicer.

FIG. 19 illustrates efliciency and specificity of shRNA
vectors 1 western blot.

FIG. 20 1illustrates an exemplary sequence of DUXA4
protein.

FIG. 21 illustrates an exemplary sequence of DUX4c
protein.

FIG. 22 illustrates optimal transfection conditions for
FSHD primary myoblasts.

FIG. 23 illustrates evaluation of siRNA targeting DUX4
in FSHD primary myoblasts.

FIG. 24 illustrates a schematic representation of the
structure of an oligonucleotide chemically modified with a
2'-O-methylated phosphorothioate backbone.

FIG. 25 illustrates a schematic representation of the
structure of an oligonucleotide chemically modified with a
phosphorodiamidate morpholino backbone.

FI1G. 26 1llustrates exemplary transcripts derived from one
or more D474 units and comprising the pLAM region or not.
The upper panel schematically shows genomic fragments of
a D474 unit and the pLAM region. The DUX4 ORF 1s
represented in black with the two homeobox regions 1n grey.
The positions of the different introns are indicated (dark grey
boxes). The pLAM region encompasses an intron (dark grey
box) and the poly-A signal (ATTAAA). The lower panels
illustrate the location of introns 1, 2, 2a, 1 bis and 2a bis. The
first transcript published (Dixit et al., supra) begins in the
last D474 unit with alternative splicing of intron 1 in the
D474 sequence, then extending into the pLAM region
where 1ntron 2 1s always spliced out, and ending 6 to 16 bp
alter the poly-A signal. We found a second transcript
(Coppee et al., unpublished) that begins in a D474 unit
(adjacent or not to the last unit) that has the same intron 1
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as reported above. The transcript continues 1n the adjacent
D474 unit where another intron 1s found that 1s named either
2a 11 the splice acceptor site 1s 1n the D474 umt or 2a bis 1f
this splice acceptor site 1s 1n the pLAM region. No poly-A
signals were reported at proximity Snider et al., supra found
a DUX4 transcript corresponding to those described 1n Dixat
et al. and a DUX4 transcript with 2 copies of exon 2.

FIG. 27 illustrates exemplary genomic sequence of the
DUX4 transcripts of FIG. 26. Smider et al. reported a
different sequence for the beginming of the pLAM region
that contains the intron 2 donor splicing site (boxed
sequence GGTACC). Sequence comparison revealed that
this sequence 1s 1dentical to those in the beginning of a D474
unit surrounding the intron 2a splice donor site (Coppee et
al.).

FIG. 28 schematically shows the DUX4 gene structure by
aligning D474 and pLAM varnants. Two adjacent D474
units are represented to scale from GenBank accession
number AF117653.1 (first and second line) as well as the
flanking pLAM region (1fourth line). This region differs from
that represented in the third line (GenBank accession num-
ber U74497.1) by a deletion of a 1609-bp segment (vertical
stripes). This pLAM region (third line) 1s nearly identical to
a D474 unit over 1890 bp (grey stripes) and diverges 1n
turther distal sequences. The 1609-bp deletion 1n the pLAM
region of the fourth line 1s found in the region nearly
identical to D4Z74. The DUX4 OREF 1s represented 1n black
with the two homeobox regions 1n grey. The positions of the
different introns are indicated (dark grey boxes). The DUX4
mRNA start sites are indicated by black upward arrows for
the 1" mRNA (Dixit et al. 2007) and the 2' mRNA (Coppee
et al., unpublished). The DUX4 mRNA ends are indicated by
black downwards arrows. Diflerent ends were found: 6 to 16
bp downstream from the poly-A signal (Dixat et al., 2007)
for the 1" mRINA, and two possible ends (either 1n D474 or
in pLAM) for the 2' mRNA.

FIGS. 29A and 29B illustrate the efliciency of the anti-
sense oligonucleotides 1521 (a) and 1523 (b) in decreasing,
endogenous DUX4 mRNA amount in FSHD primary myo-
tubes.

FIG. 30 1llustrates the efliciency of ant1-DUX4 siIRNA3 1n
decreasing endogenous DUX4 mRNA amount in FSHD
primary myotubes.

FIG. 31 schematically shows the position of the antisense
oligonucleotides 2245 and 2250 on the DUX4 genomic
sequence fragment available 1n Genbank under accession

no. AF117633 (sequence version 2, 1.e., AF117653.2). (see
FIG. 3 and legend thereto). This sequence fragment includes

intron 1 (italics), exon 2 (bold), exon 3 (italics, bold) and the
stop codon of the DUX4 ORF (boxed), antisense oligonucle-
otides 2245 (underlined) and 2250 (underlined, bold).

FIG. 32 illustrates the mhibitory effect of the antisense
oligomers 2245 and 2250 on DUX4 protein expression.

FIG. 33 illustrates optimal concentration of antisense
oligomer 2245 for specific mnhibition of DUX4 protein
eXpression.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

As used herein, the singular forms “a”, “an”, and “the”
include both singular and plural referents unless the context
clearly dictates otherwise.

The terms “comprising’”’, “comprises” and “comprised of”
”, “includes”™

as used herein are synonymous with “including”,



US 11,898,143 B2

27

or “contaiming”’, “contains”, and are inclusive or open-ended
and do not exclude additional, non-recited members, ele-
ments or method steps.

The recitation of numerical ranges by endpoints includes
all numbers and fractions subsumed within the respective
ranges, as well as the recited endpoints.

The terms “about” or “approximately” as used herein
when referring to a measurable value such as a parameter, an
amount, a temporal duration, and the like, 1s meant to
encompass variations of and from the specified value, 1n
particular variations of +/-10% or less, preferably +/-5% or
less, more preferably +/—-1% or less, and still more prefer-
ably +/-0.1% or less of and from the specified value, insofar
such variations are appropriate to perform in the disclosed
invention. It 1s to be understood that the value to which the
modifier “about” refers 1s itsell also specifically, and prei-
erably, disclosed.

All documents cited 1 the present specification are
hereby incorporated by reference 1n their entirety.

Unless otherwise defined, all terms used in disclosing the
invention, icluding technical and scientific terms, have the
meaning as commonly understood by one of ordinary skall
in the art to which this mmvention belongs. By means of
turther guidance, term definitions may be included to better
appreciate the teaching of the present invention.

For general methods relating to the invention, reference 1s
made mter alia to well-known textbooks, including, e.g.,
“Molecular Cloning: A Laboratory Manual, 2nd Ed.” (Sam-
brook et al., 1989), Amimal Cell Culture (R. I. Freshney, ed.,
1987), the series Methods in Enzymology (Academic Press),
Gene Transter Vectors for Mammalian Cells (J. M. Miller &
M. P. Calos, eds., 1987); “Current Protocols 1n Molecular
Biology and Short Protocols in Molecular Biology, 3rd Ed.”
(F. M. Ausubel et al., eds., 1987 & 1995); Recombinant
DNA Methodology II (R. Wu ed., Academic Press 1995).

General techniques in cell culture and media uses are

outlined inter alia 1n Large Scale Mammalian Cell Culture
(Hu et al. 1997. Curr Opin Biotechnol 8: 148); Serum-iree

Media (K. Kitano. 1991. Biotechnology 17: 73); or Large
Scale Mammalian Cell Culture (Curr Opin Biotechnol 2:
375, 1991).

As used herein, the terms “double homeobox 4” and
“DUX4” are synonymous and refer to genes, gene products,
nucleic acids, proteins and polypeptides commonly known
under these designations i1n the art. The terms encompass
such genes, gene products, nucleic acids, proteins and poly-
peptides of any organism where found, and particularly of
ammals, preferably vertebrates, more preferably mammals,
including humans and non-human mammals, even more
preferably of humans.

The terms particularly encompass such genes, gene prod-
ucts, nucleic acids, proteins and polypeptides with a native
sequence, 1.¢., ones of which the primary sequence 1s the
same as that of DUX4 found in or derived from nature. A
skilled person understands that native sequences of DUX4
may differ between different species due to genetic diver-
gence between such species. Moreover, the native sequences
of DUX4 may difler between or within different individuals
of the same species due to normal genetic diversity (genetic
variation) or due to mutation within a given species. Also,
the native sequences of DUX4 may difler between or even
within different individuals of the same species due to
post-transcriptional or post-translational modifications.
Accordingly, all DUX4 sequences found 1n or derived from
nature are considered “native”.

The terms encompass DUX4 genes, gene products,
nucleic acids, proteins and polypeptides when forming a part
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of a living organism, organ, tissue or cell, when forming a
part of a biological sample, as well as when at least partly
isolated from such sources. The terms also encompass
genes, gene products, nucleic acids, proteins and polypep-
tides when produced by recombinant or synthetic means.
DUX4 gene as mtended herein may particularly denote a
DUX4 gene present 1n the distal-most unit of a D474 array
on chromosome 4q35, particularly wherein the DUX4 gene
extends into the pLAM region flanking the telomeric side of
the D474 array, more particularly wherein said pLAM
region provides a polyadenylation signal, such as preferably

ATTAAA. Such DUX4 gene leads to production of compa-
rably stable mRNA(s) (Dixat et al. 2007, supra).
While additional DUX4 transcripts have been identified

that may span several D474 units and may display alterna-
tive splicing, and preferably also comprise the pLAM region
(Snider et al. 2009, supra; Coppee et al., unpublished),
DUX4 gene as intended herein may also particularly denote
such D4Z74-resident transcription units, particularly ones
that give rise to a transcript leading to production of com-
parably stable mRNA comprising DUX4 sequences, even
more particularly wherein the transcript comprises the
pLAM region, still more particularly wherein said pLAM
region provides a polyadenylation signal, such as preferably
ATTAAA. Such DUX4 transcripts and mRNA are schemati-
cally illustrated in FIGS. 26 and 28 with reference to an
exemplary but non-limiting genomic sequence as shown 1n
FIG. 27.

It shall also be appreciated that the pLAM region may
display polymorphisms, such as without limitation the pres-
ence or absence of a 1.6-kb sequence within 1ts 1ntron
(Gabriels et al. 1999, supra; van Deutekom et al. 20009,
supra).

Even more particularly, DUX4 gene as intended herein
denotes DUX4 gene as above as present i a pathogenic
D474 array associated with facioscapulohumeral muscular
dystrophy (FSHD).

Exemplary DUX4 gene includes without limitation
human DUX4 gene having nucleic acid sequence as anno-
tated under NCBI Genbank (http://www.ncbi.nlm.nih.gov/)
accession number AF117653 (sequence version no. 2
revised on Nov. 30, 2009, 1.e., AF1176353.2), more particu-
larly the DUX4 gene at positions about 10650 to about
12873 of AF117653.2, also particularly at positions about
10829 to about 12873 of AF117653.2.

Exemplary but non-limiting DUX4 ¢cDNA (and respective
mRNA) mncludes without limitation human DUX4 c¢cDNA
having nucleic acid sequence as annotated under Genbank
accession number NM_033178 (sequence version 2 revised
on Feb. 28, 2010, 1.e., NM_033178.2). Further exemplary
but non-limiting DUX4 cDNA (and respective mRNA)
include without limitation human DUX4 c¢DNA having
nucleic acid sequence as set out in SEQ ID NO: 42 (FIG. 4)
or SEQ ID NO: 43 (FIG. 3).

Exemplary DUX4 protein or polypeptide includes with-
out limitation human DUX4 protein or polypeptide having
primary amino acid sequence as annotated under Genbank
accession no. NP_149418 (sequence version 3 revised on
Feb. 28, 2010, 1.e., NP_149418.3), also reproduced 1n FIG.
20 as SEQ ID NO: 59.

As used herein, the terms “double homeobox 4¢” and
“DUX4c” are synonymous and refer to genes, gene prod-
ucts, nucleic acids, proteins and polypeptides commonly
known under these designations in the art. The terms encom-
pass such genes, gene products, nucleic acids, proteins and
polypeptides of any organism where found, and particularly
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of animals, preferably vertebrates, more preferably mam-
mals, including humans and non-human mammals, even
more preferably of humans.

The terms particularly encompass such genes, gene prod-
ucts, nucleic acids, proteins and polypeptides with a native
sequence, 1.¢., ones of which the primary sequence 1s the
same as that of DUX4c found 1n or derived from nature. A
skilled person understands that native sequences of DUX4c¢
may differ between different species due to genetic diver-
gence between such species. Moreover, the native sequences
of DUX4c may differ between or within different individuals
ol the same species due to normal genetic diversity (genetic
variation) or due to mutation within a given species. Also,
the native sequences of DUX4c¢ may difler between or even
within different individuals of the same species due to
post-transcriptional or post-translational modifications.
Accordingly, all DUX4c sequences found 1n or derived from
nature are considered “native”.

The terms encompass DUX4c genes, gene products,
nucleic acids, proteins and polypeptides when forming a part
of a living organism, organ, tissue or cell, when forming a
part of a biological sample, as well as when at least partly
isolated from such sources. The terms also encompass
genes, gene products, nucleic acids, proteins and polypep-
tides when produced by recombinant or synthetic means.

Exemplary DUX4c gene includes without limitation

human DUX4c gene having nucleic acid sequence as anno-
tated under Genbank accession number AY 500824 (se-

quence version 1 revised on Dec. 1, 2009, 1.e., AY500824.1).
A further exemplary DUX4c¢ gene includes without limita-
tion human DUX4c gene having nucleic acid sequence as
annotated under Genbank accession number NC 000004
range 190940254 . . . 1909455035, complement (sequence
version 11 revised on Jun. 10, 2009, 1.e., NC_000004.11).

Exemplary but non-limiting DUX4c¢c cDNA (and respec-
tive mRNA) includes without limitation human DUX4c
cDNA having nucleic acid sequence as set out in SEQ 1D
NO: 50 (FIG. 6) or SEQ ID NO: 51 (FIG. 7). A further
exemplary but non-limiting DUX4c cDNA (and respective
mRNA) includes without limitation human DUX4c¢ cDNA
having nucleic acid sequence as annotated under Genbank
accession no. XR_041199 (sequences version 2 revised on
Jun. 10, 2009, 1.e., XR_041199.2) also reproduced 1n FIG. 8.

Exemplary DUX4c¢ protein or polypeptide includes with-
out limitation human DUX4c protein or polypeptide having
primary amino acid sequence as annotated under Genbank
accession no. AAS15569 (sequence version 1 revised on
Dec. 1, 2009, 1.e., AAS15569.1), also reproduced in FI1G. 21
as SEQ ID NO: 60.

It shall be appreciated that other DUX genes homologous
to DUX4 and/or DUX4c are present 1n and transcribed from
the human genome but are not linked to FSHD. Conse-
quently, antisense and siRNA agents as intended herein
preferably target DUX4 and/or DUX4c genes specifically,
1.€., substantially to the exclusion of other DUX genes. In
particular, such specific agents may display adequate
sequence 1dentity to DUX4 and/or DUX4c sequences but
not to said other DUX genes. The particular antisense and
siIRNA agents as taught herein are highly advantageous 1n
this respect.

The reference herein to DUX4 and DUX4c genes, gene
products, nucleic acids, proteins and polypeptides also
encompasses Iragments and/or variants of the respective
substances.

The term “fragment” with reference to a proteimn or
polypeptide generally denotes a N- and/or C-terminally
truncated form of a protein or polypeptide. Preferably, a
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fragment may comprise at least about 30%, e.g., at least
about 50% or at least about 70%, preferably at least about
80%, e.g., at least about 85%, more preferably at least about
90%, and yet more preferably at least about 95% or even
about 99% of the amino acid sequence length of said protein
or polypeptide.

The term “fragment” with reference to a nucleic acid
(polynucleotide) generally denotes a 3'- and/or 3'-truncated
form of a nucleic acid. Preferably, a fragment may comprise
at least about 30%, e.g., at least about 50% or at least about
70%, preferably at least about 80%, e.g., at least about 85%,
more preferably at least about 90%, and yet more preferably
at least about 95% or even about 99% of the nucleic acid
sequence length of said nucleic acid.

The term “vanant” of a given recited nucleic acid (poly-
nucleotide), protein or polypeptide refers to nucleic acids,
proteins or polypeptides the sequence (i.e., nucleotide
sequence or amino acid sequence, respectively) of which 1s
substantially identical (1.e., largely but not wholly identical )
to the sequence of said recited nucleic acid, protein or
polypeptide, e.g., at least about 80% i1dentical or at least
about 85% 1dentical, e.g., preferably at least about 90%
identical, e.g., at least 91% identical, 92% identical, more
preferably at least about 93% i1dentical, e.g., at least 94%
identical, even more preferably at least about 95% i1dentical,
e.g., at least 96% 1dentical, yet more preferably at least about
97% 1dentical, e.g., at least 98% 1dentical, and most prei-
crably at least 99% identical. Preterably, a variant may
display such degrees of identity to a recited nucleic acid,
protein or polypeptide when the whole sequence of the
recited nucleic acid, protein or polypeptide 1s queried 1n the
sequence alignment (1.e., overall sequence identity).

Also included among fragments and variants of a given
recited nucleic acid, protein or polypeptide are fusion prod-
ucts of said nucleic acid, protemn or polypeptide with
another, usually unrelated, nucleic acid, protein or polypep-
tide, respectively. Particularly included among fragments
and variants as intended herein are thus fusion genes
between the DUX4 or DUX4c¢ gene and other genes, leading
to the expression of fusion (1.e., chimeric) proteins. More
specifically included are such fusion genes arising through
chromosomal rearrangements, even more specifically
wherein said fusion genes and their chimeric proteins cause
or contribute to a pathology. Hence, examples of DUX4 or
DUX4c fragments and variants which are encompassed
herein and may benefit from targeting by the antisense or
RNA1 agents of the present invention include fusions
between CIC, a human homolog of Drosophila capicua, and
DUX4, as seen in Ewing’s family tumours (EFTs)
(Kawamura-Saito et al. 2006, supra) and paediatric undii-
ferentiated soft tissue sarcomas (USTS) (Yoshimoto et al.
2009, supra), and fusions between EWSRJ and DUX4, as
seen 1n rhabdomyosarcomas (RMS) (Sirvent et al. 2009,
supra). More generally, fusions containing the C-terminal
fragment of DUX4 are intended, since the resultant chimeric
proteins acquire an enhanced transcriptional activity, which
may lead to tumour formation.

Sequence 1dentity may be determined using suitable algo-
rithms for performing sequence alignments and determina-
tion of sequence identity as know per se. Exemplary but
non-limiting algorithms include those based on the Basic
Local Alignment Search Tool (BLAST) originally described
by Altschul et al. 1990 (J Mol Biol 215: 403-10), such as the
“Blast 2 sequences” algorithm described by Tatusova and
Madden 1999 (FEMS Microbiol Lett 174: 247-250), for
example using the published default settings or other suit-
able settings (such as, e.g., for the BLASTN algorithm: cost
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to open a gap=5, cost to extend a gap=2, penalty for a
mismatch=-2, reward for a match=1, gap x_dropoii=50,
expectation value=10.0, word size=28; or for the BLASTP
algorithm: matrix=Blosum62, cost to open a gap=11, cost to
extend a gap=1, expectation value=10.0, word size=3).

In an embodiment, a variant of a given nucleic acid
(polynucleotide), protein or polypeptide may be a homo-
logue (e.g., orthologue or paralogue) of said nucleic acid,
protein or polypeptide. As used herein, the term “homology™
generally denotes structural similarity between two macro-
molecules, particularly between two nucleic acids, proteins
or polypeptides, from same or different taxons, wherein said
similarity 1s due to shared ancestry.

Where the present specification refers to variants and/or
fragments of substances such as of antisense or RNAi
agents, nucleic acids, proteins or polypeptides, this particu-
larly denotes variants and/or fragments which are “func-
tional”, 1.e., which at least partly retamn the biological
activity or intended functionality of the respective agents,
nucleic acids, proteins or polypeptides.

By means of an example and not limitation, a functional
variant and/or fragment of a DUX4 or DUX4c gene, gene
product, nucleic acid, protein or polypeptide shall at least
partly retain the biological activity of DUX4 or DUX4c,
respectively. For example, such functional variant and/or
fragment may retain one or more aspects of the biological
activity of DUX4 or DUX4c, such as, e.g., ability to
participate in one or more cellular pathways, ability to
regulate transcription of one or more genes, etc.

By means of an example and not limitation, a functional
variant and/or fragment of an anti-DUX4 and/or anti-
DUX4c antisense agent or RNA1 agent shall at least partly
retain the functionality of said agent, 1.e., 1ts ability to reduce
or abolish the expression of the target molecule such as
DUX4 and/or DUX4c.

Preferably, a functional variant and/or fragment may
retain at least about 20%, e.g., at least 30%, or at least about
40%, or at least about 50%, e.g., at least 60%, more
preferably at least about 70%, e.g., at least 80%, yet more
preferably at least about 85%, still more preferably at least
about 90%, and most preferably at least about 95% or even
about 100% or higher of the intended biological activity or
functionality compared to the corresponding recited sub-
stance such as an agent, gene, gene product, nucleic acid,
protein or polypeptide.

The term “nucleic acid” as used herein typically refers to
a polymer (preferably a linear polymer) of any length
composed essentially of nucleoside units. A nucleoside unit
commonly includes a heterocyclic base and a sugar group.
Heterocyclic bases may include inter alia purine and pyrimi-
dine bases such as adenine (A), guanine (G), cytosine (C),
thymine (1) and uracil (U) which are widespread in natu-
rally-occurring nucleic acids, other naturally-occurring
bases (e.g., xanthine, 1nosine, hypoxanthine) as well as
chemically or biochemically modified (e.g., methylated),
non-natural or derivatised bases. Exemplary modified nucle-
obases 1include without limitation 5-substituted pyrimidines,
6-azapyrimidines and N-2, N-6 and 0-6 substituted purines,
including 2-aminopropyladenine, 5-propynyluracil and
S-propynylcytosine. In particular, S-methylcytosine substi-
tutions have been shown to increase nucleic acid duplex
stability and may be preferred base substitutions in for
example antisense agents, even more particularly when
combined with 2'-O-methoxyethyl sugar modifications.
Sugar groups may include inter alia pentose (pentofuranose)
groups such as preferably ribose and/or 2-deoxyribose com-
mon 1n naturally-occurring nucleic acids, or arabinose, 2-de-
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oxyarabinose, threose or hexose sugar groups, as well as
modified or substituted sugar groups (such as without limi-
tation 2'-O-alkylated, e.g., 2'-O-methylated or 2'-O-ethyl-
ated sugars such as ribose; 2'-O-alkyloxyalkylated, e.g.,
2'-O-methoxyethylated sugars such as ribose; or 2'-0,4'-C-
alkylene-linked, e.g., 2'-0,4'-C-methylene-linked or 2'-0,4'-
C-ethylene-linked sugars such as ribose; 2'-fluoro-arabinose,
etc.). Nucleoside units may be linked to one another by any
one of numerous known inter-nucleoside linkages, including
inter alia phosphodiester linkages common 1n naturally-
occurring nucleic acids, and further modified phosphate- or
phosphonate-based linkages such as phosphorothioate, alkyl
phosphorothioate such as methyl phosphorothioate, phos-
phorodithioate, alkylphosphonate such as methylphospho-
nate, alkylphosphonothioate, phosphotriester such as
alkylphosphotriester, phosphoramidate, phosphoropiperazi-
date, phosphoromorpholidate, bridged phosphoramidate,
bridged methylene phosphonate, bridged phosphorothioate;
and further siloxane, carbonate, sulfamate, carboalkoxy,
acetamidate, carbamate such as 3'-N-carbamate, mor-
pholino, borano, thioether, 3'-thioacetal, and sulfone inter-
nucleoside linkages. Preferably, inter-nucleoside linkages
may be phosphate-based linkages including modified phos-
phate-based linkages, such as more preferably phosphodi-
ester, phosphorothioate or phosphorodithioate linkages or
combinations thereof. The term “nucleic acid” also encom-
passes any other nucleobase containing polymers such as
nucleic acid mimetics, including, without limitation, peptide
nucleic acids (PNA), peptide nucleic acids with phosphate
groups (PHONA), locked nucleic acids (LNA), morpholino
phosphorodiamidate-backbone nucleic acids (PMO), cyclo-
hexene nucleic acids (CeNA), tricyclo-DNA (tcDNA), and

nucleic acids having backbone sections with alkyl linkers or
amino linkers (see, e.g., Kurreck 2003 (Eur J Biochem 270:

1628-1644)). “Alkyl” as used herein particularly encom-
passes lower hydrocarbon moieties, e.g., C1-C4 linear or
branched, saturated or unsaturated hydrocarbon, such as
methyl, ethyl, ethenyl, propyl, 1-propenyl, 2-propenyl, and
1sopropyl. Nucleic acids as intended herein may include
naturally occurring nucleosides, modified nucleosides or
mixtures thereof. A modified nucleoside may include a
modified heterocyclic base, a modified sugar moiety, a
modified inter-nucleoside linkage or a combinat